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The Franklin Institute Research Labcyratories (FIRL) conducted, an 
engineering evaluation of the Optacon (OPt^cal to TActile CONyerter), a . 
a reading aid for the blind Which senses the contrast of printed text 
with a hand, (right) held camera and converts the information to a one 
to one tactile presentation via a 6 x 24 array qfi tiny piezoelectric 
,xe^s monitored by the left index finger. The s.tudy was conducted for 
t'fte Offib^ of Education, Department of Health, Education and- Welfare 
under contract number OEC-0-72-5i81, Tasks performed included: user 
evaluation, optical, electrical, mechanical, produc^^ion costs, life 
test, reliability aiid field tri{)S (to support a parallel 'education evalu- 
ation conducted by the American Institutes for Re^earCfh and to gain hum 
factor use data) . This* study concludes that the Optaco\ is a viable 
tool for motivated individuals with unimpaired tactile capabilities 
and is basically sound in its design. A host af re commend:^ t ions are . 
presented for* optimization of future generations. Future research should 
be directed at freeing one hand for holding material to be re^d, elimina- 
tion of noise generated by the bimoirph stimulators and conversion of the* 
output to Grade 1 Braille. 



SUMMARY. 

This report is the ci^lmination of a fifteen month' study designed 

* ■ 5 • , . ■ 

to evaluate the Optacon from an engineering point of view. Tasks were 

divided into a user study^ an optical evaluatioOt electrical evaluation 

mechanical evaluation (in[cluding affects of , environmental parameter's), 

production cost study , reliability calculations, laboratory life\t6sts 

and periodic field trips to monitor equipment status used in an ecluca 

tion evaluation conducted'by the American Institutes foi^ Research, 

field trips also offered an opportunity to gain va^luable 'insights f 

students, teachers, administrators and the facilities available fo' 

project . . / 

Key personnel reviewed Stanford. University's (developers oJE/ the 

,, \ * I 

Optacon) progress reports and publications and then visited Telesensory 

System^ Incorporated (manufacturer of tjie Optacon) for a comprenenAve 

tour of their facilities and detailed disc^ussions which were aimed > 

at', making F.IRL aware of experiences gained by th^ manufacturers which 

might prove germane jfo our studies. Close rapport was* maintained with 

the education evaluators to 'generate formis and questiorinaijes which 

would yield data useful to both studies. ^ , 

Teams of personnel were organi^ed^.f or specific studies under the 
direction and coordination of tj]e principal investigator. The Optacon 
itself received' most attention because the peripheral Equipment is used 
for training purpo^s only. The following is a brief summary of the 
methodology employed and the results generated by ^ach team. 

USER STUDY: Data was generat*ed by>-the student?, teachers and admiriis- 
ttators at the 14 education evaluation sites around the country as well 
a^ from approximately 40 blind adult voluntqers^ recruited by FI&L, This 
task force int-egrated thia data with their experienced gained through 
the conducting of the study, on Nsite observations and their prpfess4.onal 



vi 



\^ F-C3435 

backgrounds. Major problems noted included. the faq t ; th a t t he Optacoti 
requires two hands for op^eration (therefore , any thing that has to be 
held cannot be read) , the camejra and camera cable are "difficult to 
store and are subject to dkmage , the Optacun >f^. a right handed insti^u^ 
^^nt and the noise gen'eratek by the biraorph stimulators is objectdble. 
In addition, a potential user jmust'be motivated to lekrn the techniques,, 
must have unimpaired tactile abilities and must have significant re- 
sources available for both "the equipment and training. A host of sug- 
gestions for improvements , in conVrois and c^rying case designs are 
presented in detail in Section 2. \ Future research should be aimed at a 
one hand model (would not only fre^ one hand but would eliminate problems 
of. left handed users) alternate methods of tactile presentation (to 
eliminate noise, o^r possibly minimize \it with lower frequencies) and the 
advisability of multiple finger feadingv. The Optacon was almost unani- 
mously judged by the usprs to be a ^yste\i useful to them in their daily 
lives. Requiring them to return OptaconsXthey borrowed for their evalu- 
ation was not a pleasaftt task. \ /■ 

OPTICAL EVALUATION: This study looked at each element of the camera 
individually and at its function in tjie overall system. . Emphasis was ^ 
placed on environmeivtdl ' affects , maintainability, reliability and cost 
factors, overall, the opticf(i system is considered well designed. Re- 
commendations ' include suggestions for easier assembly and maihtainerice 
(See Section 3). In addition, the * scanning head is not properly keyed 
to avoid improper connection. This problem is easily alleviated by re- 
locating a slot on the mating connector. > 

ELECTRICAL EVALUATION: A detailed study of ^ the schematic dfa)^ams was 
conducted to evaluate the soundness of design. Choice of compoWnts 

and fabrication techniques were evaluated and the circuit layouts vi^s ^ 

studied. The Optacon was judged to be soundly designed. Some minot, 
problems were noted. Recommendatibns included shockproof blmorph pin: 
.better yields on retina "^chips and a. field maintenance kit including ex- 
tender cables. Other suggestions are aimed at reducing cost of manufac- 
ture and increasing reliability by better manufacturing techniques. ^ (See 
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Selptlon 4). Future- studies should be to develop a self, scanne-d , camera ^ 
to minimize the number of wires required in;\ the connecting cable and to ^ 
reduce the voltage requirement and compl€?$ity lof . the bimorph array. 

MECHANICAL EVALUATION: Thl? study^^(Dpk^ at the Optacon's ability to ' 
withlstand normal use and anticipated misuse including expected environ- 
mental e^ttreme conditions. Some S^^ecific n^tes.are reported in Section 
5 to eliminate nuisance repairs ^stripped screws , bent pins loose parts) 
and tb enhance the capability bf the components to withstand ^Duse. En- 
vironii^ental testing included n^af^gative pressute environment (simulat^/t 
aircraft tfansportation) , hfgh aa^ low vteinperatute extremes includir^i^,^;^ 
humidity cogtrol (-storage in •^i'l^hici^s unde^r extremes) , temperature shock^ ^ 

- tests (quick changes).^ vibration tests and mechanical shock teats* j^^^ 

■ '•• y ; . . / ^'^^ 

' Optacon withstood all ,antictDajted misuse extremes with no nQticeabJ/e • \ 
..." ^ . \' -Z/,.^ ' ■ . ■ ■ ^ 

affects on performance. \ . * , 

« V - .* ,' 

• . ■ '■ * - , ^ . ■ • ■ - 

PRODUCTION COSTS: This study^addressed ail. phases of the production, - 
process with emphasis on co*st7saving->technitiues. It looked at ^^ch in-.V^ 
dividual trart and offered suggestions tOv reduce cost arid increase rlfeli-r- 

■ - ^ \ . \\ / „ • ^ • . , •- , 

- ability by adjusting specifications and better material . sel^tion. Re- ' 
commendations include the*u^e of i^olded plastic part3, furliher de$Ign * . 

^changes to minimize the numb^t qf^xoarts and efforts to increasi^ production 
rates. See Section 6 f^r details. * - • • 

LABOflATORY LIFE TESTS: Four^ Optacons. four Visual Displays and one v * 

Casette Trainer were subjected; to life tests designed to ^iiA^ilate ex- 

• tended usage aad to exercise all subsystems in a realietic manner. Daily 

tests were conducted to Rinpoiia.t failures . Sbme mindr nuisance failures^- 

are noted in Section 7.. Battery failure was frequently ndted but sub- 

sequent calculations proved xhe battery to have a very acdeptablei life . 

time. Users should be cautioned' that extended shelf storage^will cleplete 

^ the batte'ry voltage but that s^tate does not indicate .failure as the batteri( 

/ ' * 
readily respond to recharging. 



RELIABILITY: This s^udy consisted of an ejJperimerft^l determination of 
the mean-time-betweert-failure (MTBP) of the Optacon/ Visual Display and 

^ viii : ; ' . ^ 
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Casette fra|ner. Lack of failures in the lab life te^ts made' meaningful 
calculations difficult . Contradictory information from field tests . 
(numerous'' failures) indicated a poor WTBF (41 hOutV) . It is colijectured 
*th|it. equipment use reporting was riot complete. Theref(^e> the results 
o/thls study (Section 8) ^has to be considered to be ^ first; approxima- 
tion to "reliable** reliability data. Fdrther data inputs will tend to 
maximize confidence in the results. 

FIELD TRiPS: ViRL personnel visited all field sites (14) at the begin-i 
riing, at the midpoint and at' the conclusion of the education evaluation. 
These trips were made to ensure that equipment was operating properly". 
It alsc) affor(ted FIRL scientists the opportunity to interview and ob- 
serve program participants and their facilities. This information was 

.. ' ' ■ » 

extremely, valuable in making all the subtasks more meaningful. (See 

' ». ' . 

Section \9)., ^ ' . V 
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I. INTRODUCTION 

The Franklin Institute Research Laboratories (FIRL) , under cqntract ' 
No. OEC-0-72-5181, has «ohductcd^n efngineeririg evaluation of a reading 
aid for the blind called'the Optacon, a name taken from its functionate 
description as an OPtical to TActile CONverter, The sys tems' ^employs , a 
hand guided' camera which is 'capable of sensing ortnted text (typical 
typing). The camera employs a photo array an<t/transmits the information 
over a flexible cable to an electronics processing package (about the 
size of a tape recorder) whicji is either battery or AC operated. The 
information, in the form of the printed t-ext , is presented "to the user ' 
via^a 6 X 24 array of piezo?tectric reeds which monitors with the 
distal phalanges of his left index finger. Equipment includes a'camera 
tracking aid for beginners. Visual Displiay for teaching purposes and ^\ 
Cassette .Trainer for presenting lesson material. Tlie study Was conducted^ 
for^he Department of HealtTi Education W Welfare's (DHEW) ^Of f ic6 -of 
Education (OE) . OE also supported Stanford University's basic develop-' 
mental research in reading aids for the blind which resulted in the . 
Optacon (Grant' No. 0-8-071112-2995 [607]). Telesensory Systems Incor- 
porated (XSI) is currently manufacturing the devices to make them av^il- • 
able to the public. In addition to' our engineeting study, the American 
Institutes for Reseacx^h (AIR) conducted a parallel -human factors evalua- , 
tion and tr.aininl program by enlisting the aid , of fourteen schools around 
the country. Thi& report is the result of a <iooperative effort with TSI, 
AIR and OE.^ TSI manuf act Jrc*3 all equipment, distributed it. to the 
schools, conducted follow-up seminars, performed all maintenance, sup- . 
plied all technical support data and cooperated in every, manner; ,J^tR 
selected school. sites , developed training manuals, trained teachers on 
sifte and 'evaluated results. AIR^also worked closely with FIRL in gather- 
ing' teliabiMty data and solving^ problems as they developed. Out itudy \ ^ 

of the Optacon and its support equipment included a user study, an optical 

<^ ' ' ' \ ' ' ' 

J , • f 

16 . ^ 
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evaluation, electrical evaluation, mechanical evaluation, study of pro«- 
ductioti^^ costs , laboratory life tests, development of reliabili;ty dapa ' ^ 
and periodic field trips to the fourteen field sites to ensure, that "the 
equipment was operating properly. Emphasis of 6ur study was placed on 
reducing the cost of the Optacon and increasing its relJtability , usabil- 
ity and maintainability. , . ' 

This report is designed to present detailed info^ioation on the pro'^ 
cedures listed by each team of evaluators, their results and their recdni^*" 

mendations. There exists some overlapping of effort between groups 

because problems are related. Each section cox>cludes with a "Summary . 

of Reconraiendations" for those readers interested in specific conclusions 

of .individual teams. * The overall summajy suffices for* those readers in* 
terested in general conclysioys. 



\ ^ 
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2./ USER EVALUATION 



7 



2.1 STUDY RATIONALE 



KIRL 'ccnducted a thorough human fact^ors sy/tams analysis of the 

Optacon ahd the user context. This analysis involved the /iser/control 

interface a^ well as safety and what might be termed "first echelon 

maintenance." In addition, operational effectiveness and>er»^tility 

is reported upon. 

. \ . . ' 

These analyses were conducted with the aid of approximately forty 
blind use r^, ' bo adult and school age. These people were recruited by 
riRL for the purposes of this evaluation., In# general they did not re- • 
H-eive fo^ttial training on the yse of the Optacon. Their special insights 
i,n respect to general handling and use of the unit proved, most useful. 

In addition, the blind, children, teachers- and school 'adminisCrators 
who participated in the Office of Education' s Education Evaluation (con- , 
du'cted by the American Institutes for Research) were interviewed by FIRL. 
The interviewers were guided by, although not restricted'^'to , . the ^ues- . 
tionnaire outlines developed for that specific purpose^. Tfie blind^adults 
in. the FIRL study were loaned Optacons. In most cases, they did receive** 
lessons, qn the Optacon frcwn those who had training. It Was not the in- 
tent of this study to monitor reading prowess; however, general infarma- 
tfon in. that regaW was of interest. A written report containing comm6nts 
o^ the sound^ess of design, safety^, maintainability and other pertinent 
obseryations werfe requested of each user. In most cases, the blind adults 
were teclinically oriented (computer programming, engineering, short wave 
radio operation, etc.) and therefore were accus.tomed to handling and 
evaluating electronic equipment. The two • ''non- technical" evaiuators-prd- 
vi^d invaluable information from different standpoints; ont^of^ . 
evaluators was a Braille instructor, .the other a recently blinded salesman 
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.Virtually all eva^luators concluded that the Optacon is a viable 
tool which opens many avenj^es for Che blind. Their comments for im- 
pjrbvement are sunraiarized :^n the following text. 

Finally, FIRL staff contributed many suggestions and observations 

as a ;fc^sujt of experiences gained through their involvement with this, 
project. 

2.2 OVERALL DESIGN AND USER GONTEXJ / ^ v \ * 

• This atialysis was* concerned specifically with the user/instrument' 

interf-ace. In regard to convenience and ease of operation, we first 

looked at the control knobs (threshc^d, intensity^-^The control knobs 

i>re located on the front> right hand side of the Optacon. Tltis placement 

permits the user„ to adjust the controls with the thumb of the left hand, 

allowing xhe readir^g f ingcr <lef t index) to remai>i on the** vibrator array 

to "^Vcibserve'V the effects of control adjustment.. This method also frees 

4rlie right l;and for camera operation (scannihg pri,nt, etc.). In essence, 

L^iis Creates* a human cljosed loop control system which allows the indivi- 
If . - . ^ " ' 

duaL Optacon user to act and react to* the readi^ng situation .at hand.. 

Most users have no complaints about control knob location, although, 
some find their thumb's position awkward anid fatiguing. The size of the 
user's hand lis probably a factor in determining/comf or t and efficiency in 
this "case, as it is for many of the other miriof operational" problems. 
One^of the most qpmmon cotnp'laints was that 'jihe Opt\acon user could mis- 
l)un 
was 

was in. the inexperience of the user and not the macliine design. 

Extending the range of the intensity control was suggested by two 
students, but most felt the range and sensitivity of this cqntr(^l was 
suff icie%t. ' « . ' / " , 

The*^;^nge of .the thireshold control drew no complaint^, ait:hq|ugh the 
sensitivity was considered by some as' '*too touchy/* This prdblem would 
be solved^ by repiacing>r the single turn threshold potentiometer with a* 



ta<cenly l)ump one or both of the control knobs. w^th the thumb. This 
problem was considered an annoyance, but many believed that the' fat^lt 



, F-C3435* : 

multiturn potentiometer of the same value. This modif ication wouid^. - ^ 
allow the same range of threshold adjustment, but would reduce the rate 
of threshold change with knob rotation. A multiturn adjustment knob, 
however, may remove a subtle feature of the existing Optacon notecl by 
many of the Optacon readers. They suggest that if the reader has a 
variety of materials that are commonly read (i.e. n'ewspapers, magazines, 
computer printouts), he may save adjustment time in jumpimg from one . 
type to another if he remembers the position of-tlie adjustment knobs fx>r 
the particular .material~S*e,^n£ends toi read (^.g, 'newspaper tlireshold 
''I o'clock* intensity ^12 o' clock)/'^t. ^as also been suggested that as 
an aici to this method, the manuf actureglskiould place tactile >j.ndicator 
dots dround the adjustment knobs and on ptle zoom slide^, to help the 
reader accurately and quickly set th^ controls. Or perhaps, one could 
incorporate a step-wise adjusting system, that is; grooved spps for. 
Incremental changes instead of a smooth transition. " • 

The majority opinion of those questioned was that the operation, 
resolution and placement of the vibrator array was good. "Several felt 
the Optacon shcrtild come in both right handed and left handed models. 
Cofitaients were made about insufficient resolution, a problem particularly 
noticeable with cliaracters containing diagonal features, A few individ- 
uals suggested tKat tlie field of view presented by the vibrators was tooN 
confining. It was felt that the tracking task in* 'particular ajid reading 
In general would be improved with the addijtional information a v/ider 
field of view would provide. ^ . - ' 

' One individual suggested that the hand^avity on the Optacon bti • 
deepened far persons with hands too large to seat properly. 

.The cablds for thjd visual display, the cassette trainer and the 
Optacon were too short. The problems created by the short cables* were 
simple though numerous. The short AC cord froju^t^e Optacon could be 
,used with an extension cord, but this .would reduce the safety benefits 
of transforming the Voltage (frojn 110, VAC ta ^5 VDC) at the AC source.. 
The short cable from the visual display tqf the Qptacon created a space 
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problem ^ptacon read/ing material and visual display bad to fit on a 
single dc^fe^andv^ inconvenience- to thie teacher (the^teacher was unable 
to set the vig\i^l displays together to provide an efficient view of ^all 
the students ywotk. The. teacher had to scan the»j-qOm, looking from one 
visual disp-lay to another.)^ The shortness of the master/slave^'eables 
and the c/ssettf trainer cables forC^id/the students to work in elbow 
bumping /proximity . 4 

/ . ' L ■ 

/ . ' * - . . 

he- cable connectors for the visual display and the cass,ptte trainer 
are/ difficult 'to connect, (for the Righted teacher as well as th^ student), 
me conriectOiirs are "force fit," which means ^that the connection' is main-* 



tained by friction and has no locking mechaj 

The eam^ra cable tends to become tangled and twisted with use. This 

. ' , . 

is an indonv^nience to' the user and a straJLti on the cable wiring. While 

dtorin|,\thei^TOmera cable in the Optacon, the us^r must fold the cable 

and pjace it in the camera storage well while attaching thIe Camera to 

its holder: thi&^ is d difficult task*, and modifications should be made 
^- ■ . . Tij ^- ■ ■ , ■ • V 

,f or^simpli^icatljOri, T3I has recently /studied a housing box for the camera 

As^:^x>^lTQwg.^e. cord to be wrapped ground the box for storage, 

-■■•'J . ■ .-^x . ' ' ■ • ■• ■ ' 

v' The ^34:i-of f switch and the invert switch drew no complaint^ and 
were judged cdfiyenient and easy to operate. The on-off switch for the 
visual display dreW^ many comments from, the Optacon teachers. The switch 
is. prone to damage during transportation .of the visual display.- TSI has 
been replacing the damaged switches with >a new "low-profile" version 
which will solve the pro>l^m. ' . 

The battery condition button is rarV^y used arid, therefore, drew hb 
s^nificant comments or suggestions. The ch^jE^« condition of the battery 
is indicated by changes in pitch of th6 vibrator^^%^iZZ while tlie battery 
conditioti button is being operated, 

* ^ , - ■'^ • 

The'si^e and shape of.^the camera module was judged, nearly unani- 

. _ , ' , • ..^ 

mously, as satisf Hctory , HowevBi', when asked if imprp^A^^ts could^ be 
made to' the size ami shape, nearly all those questioned ariswered "yes" 



and made specific comments. Many ^f^the smaller chii^r^ suggested that 
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tlie size'of\the camera be- reduced for easier handling. While a,major,ity ^ 
f els^ that holding the camera whjle readinjf was not fatiguing, most said 
the ta$k waslawkward and felt this was due to the shape of. the camera. 
A difficulty \Velating to camera shape Is %he tendenay of many to tilt 
the camera, resulting in the improper alignment of the characters on the^ 
vibrator display..' The amount of difficulty encountered varies among , ' 
users and is,. a function of th^ user's particular grip of . the camera. 
This tilt tendency is/the greatest among those who grip the camera full^. 
on the cabl^ end, tV\e grip that is nui/tured by use of the tracking aid, 
fherefore learned early -in* training. Those who grip, the camera between 
their thumb, and middle finger have the least amount of difficulty. In 
order to reduce the awkwardness ahd difficulty in aligning the camera, a . 
-standard grip Should be recommended for use early in Optacon training. 
The "thumb, middle finger" grip seems to be fhe mosf acceptable . This 
method also frees the first finger for" operation of the zoom lens. 

' The retina module, as pointed oiit by one adult user, can be removed 
fponr-fehe camera housing, 'reversed and replaced. The result of this opera- 
tion is f^-rnvert. (geometrically) the retina, causing the characters to 
he displayed u>^de down. This i? a minor problem, and no actual damage 
is done. Keying t>te retina module so that, it cannot be replaced incor- 
rectly would bg a minor modification. 

The camera, aperture is located about . 1/2 inch irom the top of the 
camera module. ' A f ew of the users commented th|ft the camera should have 
tactile markings on it to indicate the location of the aperture. The 
manufapturer apparently believed that the user should be aware of the 
aperture, for he did engrave the camera to indicate the location, but 
the engraving either is riot mentioned in the training or is too weak a > 
tactile signal* for the user, the most probable reason is .the former and 
should" be easily .corrected for the future. ■ 

Difficulty has been exprdssed in reading near the binding in certain 
books,' particularly paperbacks. Two types of problems have been ifientioned 
by the users. In -books with small margins, the characters nearest to , 
the binding are often unreadable because the camera module is physically 
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blocked and, therefore, uil^tb'le to cov^r the characters. The second prbb- 
lem is the difficulty in keeping the cajnera CQupled to the ourved portion 
of th^ page which leads to the binding. This problem is Usually an in- 
convenience because the characters nearest, the binding /can be' read^ but 
in these cases it is an inconvenience for overy line pf-^the book and will 
probably slow down the rfeading speed and certainly adcj a bit of frustra- 
Lion to the reading. Both of these problems are considered by FIRL as 
serious^ SolIuti"ons are possible but would seem to require a major 
cliange in the camera's optical design; which would surely be more complex 
and, therefore, increase the manufacturer's cost. For the present, this^ 
situation must be regarcfed as a design limi-tation.t 

The camera's zoom adjustment ,. located on thQ far side parallel to 
the reading surface, is conveniently situated. It is a£so easily ad^u^sted 
The users realized that the zoom lens and the threshold adjustment wefe 
intetactiue but felt this was only a slight complication. A few readers 
hump the adjustment occasionally, but most have no difficulty in readjus- 
ting. Notched step^wise movement w6uld" alleviate this problem also. - *• 
%he range of the zoom is unsatisfactory to«many. The complaints were ..,V 
/usually that the users coul^ not -read* larger type (book titles, labels, ^ 
/newspapers, etc.). An adapted to effectively Increase the zoom range 
would be most welcome. - " ■ - 

: ■ r , - ^ • r. ■ ^ ' ' ^ - \i 

Although,' in general, *the leather carrying cas^e rarely genera#6d 
• ■ v- ■ ■ " ' ' • . . - 

meaningful comments,^, a iEew impo^rtant suggestions and ^comments were made. 

The carrying -case should be designed to allow the Opt^con to be protected 

from damage under all possible father conditions. The present ^iesigit - 

does not satisfy this need. - v * v - r 

. , ' \ ' ■ /-i' 

w «... g 

The cover flap, when unbuttoned fqnr Optaqon use , falls towai;;ds the . - 



user and ±s an obstacle to free hand movement. I^ommon field saSutionS 
are either to remove the catrying cas^. or to fold the flap i^ilder the 
^d^ptacon. H^jjither- is a satisfactory solution. The formBr/ls not popular 
becaiise th^fusers feel that the carrying case provides/ protection for the 
Gostly^xnst^umeht**^ In addition, the cyc^-e of taking the case dff and 

■ ■ ' ^' ■ ■ . ■ " . ■ ' 2-6' . '• • 

• «• ♦ t v' ' ■* 

* • / ■ > . * ' 
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putting it on Is both at'dif f icult task and dangerous to thfe instrument. 
The common technique of removing the Optacori from its case is as follows* 
First, thet cover must be unsnapped from the Optacon and all cables de- 
tached. Then a finger has to enter the back of the case iind push out 
the Optacon, while the other hand must try to obtain a secure grip and 
then pull the Optacon from the case. The latter field solution is not 
id^al because it requires that the flap be folded under the Optacon, 
thus creating an unstable base. A suggested solution is tQ li^sign the 
coyer" fj-ap so that it coul,d fold back, and fasten on to the top^ of the 
Optapon. This would require fairly minor changes to the existkhg design. 

:n •■ ■ ^ ■ ' -, . : . ■ ' '-v-" • 

• the rani e of adjustment for th^ carrying case strap is said ^to be- 

' ■ ^ "V ■ 

to6 small. • * v \ 

I . . ' \\ ' 

* . - ■ ' ' • o ■ . , X.-^ . 

A poqch in order to carry the battery charger and other accessaries 

would be 4, welcome modification to the carrying case design.' \^ 

An important^anuf acturing cr iter i^^ is the production of items s^^, 
that the quality and characteristics of the individual items are closely 
inatched. This relates^ to the Optacon in that'a person who ha^ learned 
and developed skills in reading while using a particular Optacori should 
be able to use that ability at the same level on oth^r Optacons. 

While most user$^ now- dnd in the future, may have access to only, one ^ 
Dptacon, the present progr^ has* allowed a situation to exist where several 
people have each used different Optacons. In general the manufacturer's 
quality control has been judged satisfactory. A person reading with one 
Optacon can read with another. The effects of the adjustments have 
approximately the^ same sensitivity and range. Many readers, however, 
did have a, preference and felt that, while all the Opta'cons were satis- 
factory, some were better fihan others. The descriptive term used mo3t 
often was '^clearer." It is believed- that this problem is duetto a lack 
of quality control in the length of the vibriators. On many -units the 
vibrators extend above, .the finger plate when no video is present. This 
produces "noisfe" in the vibrator's character display. - 
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2.3 EXPOSURE TO' HAZARD ^R^ INSTRUflENT DAfJAGE ' ^ 




2. 3 A i^lectrical Hazards \ 

The general design was, judged saf e. Tine battery charger is such 
that the 110 V AC is converted to a lower voltage (^5. \r DC) at the AC 
source and, therefore, eliminates, the highe^ voltage on the power line ^ 
to the Optacon. ' ; / v ^ 

■ ■ ■ - y . ' V . • ^ 

Plugging the charger into/a 110 V wall socket is potent iall;^ hazard 
ous. The hazard is greater than plugging in typical appliances (lamps,, 
tape recorders, ^^tc.) bec^u&^of , the large size of the plug^trahsf ormer 
(approximately a 2-inc^ cub^). - 

/ ■ "^ ■ ■ . ■ 

Several users have received shocks f rom the Optacon* Whi'le these 
shocks were possibly not harmfU;! (see Electrical Evaluation — Bimorph 
Stimulators), they certainly discouraged use of the Optacon*. 

■« 

2.3.2 Other Hazards • \ 

The Optacons are relatively free of^sharp edges, rough spots or. 
other potential hazards. Few areas have been found that may even be 
classified as fairly sharp or mildly rough, etc. The possibility of 
any type /of. injury is small and serious injury imprdbable. ^ 

' ' ' . . . ' ■' 

2.3.3 Exposure to Instrument 'Damage ^ ^ ^ . 

. The Optacon' s exposure to instrument damage, as far as the ^user is 
concerned, is mainly in handling (see Mechanical Evaluation and Optical 
Evaluation for coiranents on packaging),. As in most instruments, - there, is 
a direct relationship between an item's pbss^ibility of damage and its 
handling time. The moire ^an i,tem" is used and handled, the greater tl;ie 
possibility of damagp. In thV Optacon the most handled it6ra is also, " 
unfortunately j one of the most. ^elicate; .this is the camerar-rT^ cairiera 
is very light and about 3*" X 1/2" X 1/2"; it is attached to a cable 
feeding into the main OptacoiKhousing^.v The users have of ten' "dropped or 
bumped the camera (of ten* the camex^ needs repair after such a bump or 

. ' , . / ' J, 

2-8 , . 
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drop) am are likely to continue to do so in the future. The situati^^^^^^^ 
is not, ideal. In normal opefatioh b^pth hands are occupied. < The" lett ! 
hand is constrained somewhat , resting on the viUrator array; the right ^ 
hand\is continuously moving the camera. The camera is small and fairly 
light. The reading is usually peirformed while seated at a table desk. 
Therefor^^ the spanning activity gives a high prob^ability of occasionally 
dropping the x^amera. The left hand is not in a position to catch ; the 
camera. The camera^-ls^ light , small and easy to moVe and the camera is 
high off the ground. While the twisting dibie and)| the difficulty of^ 
replacing the camera for storage ^(both design inadequacies mentioned 
previously) may/have compounded the pri^bl^ slightly. This problein seems 
to be. an intrJ.nsic characteristic of the s"y^em and could not be easily 
designed out, although sljtght ;LTnjpVoveiftents coul^be m C^^^ example, 
the camera could be ma^e sturdier and therefore able to withstand the 
abi^se to wHich it i^ bouAd to be subjected) . 

Dther possible coWitions ;^.n which \the Opta^n is e^^ to damage 
are unnecessary and can be solved with design modif ication^ of the \ 
carrying case. . For instance , ■, thq leapher" carrying case , rs diff icult to 
remove and subjects th^ Optacon to thfe possibility of damage due to 
dtopping. In addition, the Ijeather carrying c'ase should be replaced with 

one that'will protect the Optacon in all t^yp^s. of weather conditions. 

, ^ . ' ■ . \ 

One of' the great fears among the users involves theft. The Optacons^ 
are expensive pieces. of equipment . Their -portability and compactness ' 
allows them to be conveniently moved about i " This feat urfe makes theft- 
fairly eas^. The -fear of theft is so strong that in some cases the port- 
ability feature is not used. It is believed that th^ i^iethods used In 
prevention of theft of electronic pocket calculatd^r^^ could be easily ap- 
plied in manufacturings the Optacon (locking to desk, mini-alarm, etc .) . 
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2.4 EASE AND SAFETY OF FIRST 'eCHELON MAINTENANCE 

^ . o ' ^ ^ / ' ' . ■ 

2.4.1 User Repairs or Rfeplacement ^ . 

•Tb^ Optacpn has not been designed to allow the user to make repairs 
or replacements. This is' justif iable because of the sophistica^tian of 
the system and the ^difficylty ol failure analysis. Any repairs shduld 
bo made by* a qualified technician. ' . ^ ^ 

^' . ' ' , f ■ • ' ■ 

.The page-*lllum;inator lamps and the battery, which many of the users 
feel should^be easily replaceable, are actually intended to be permanent, 
component's. The lamps should live ovej: 40 years (see Optical Evaluation— 

* Page IlluminatoY) and the .batteti'6s are rechargeable (the batteries\do 
have a' limited life expectancy, but the estimated time between replatie- 
ment is one to .tw^> years,. Jjasfed on a battery /charge cycle life of 300 
500 cycles and anVaVferagej daily usage of*about three .hours) . The user 
should be ^iven additional dat,a cyoncerning battery storage and charging.* • 
For instance ,^-mos.t -users axe nof aware of the fact that the battety wil^ 
self-discharge when ITeft unused. In fact- the battery cpuld #elf- 
discharge as low as 50% of rated capacity while stored six weeks. While 
the ^batteries are not; harmed,, the Optacon owner should be aware that ^this 
is to be, expected and that it does not indicate failure. The users 

♦ should %lso be aware of storage- temperature limitations (usually ranging 
from a minimum ^liowable tempe.ratute of F to the high of +140^ F) . 

■ ' 4 . ■ / , / - • ^ ' - > ' \ ^ 

/2.4.2 Gleaniitg !■:. v . ' ' ^ . 

, .'.-■/*' • - • ' ' ■ ' , 

Since the (Jptacon is largely an optical device and since^the oijtics 

operation is ^us^ptl^lie to dust aii^'dirt, the Optacon should be easy 
.for the user* to keep clean. The following is a list of the camera com- 

ponen^s, ^hose loo^tion|and construction are described in detail in the 
.Optical Evaluation section. The list also containg" comments on the ease 

and; advisability of 'the usar's attempt to cle^n the items. (Cleaning is 

defined aa. dusting or gently wiping with tissue paper.) 

Lamps — eafiy " * • . 
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N# Rollers — easy 
, White light diffuser — easy 

r Retina glass <:over~f airly simple^ iritist remove retina module and . 
^ . " ' replace correctly* * ■ , 

• Mirror — ^^difficult; could be wiped vrith a cotton swab through the 
camera aperture, but alfgnment is fairly critical and cleaning is 
therefore not recommended. 

• L^ns—qxtfemely difficult; exposed side 'could be wiped with 

^ cotton swab after removal of the retina module, but to clean the 

otfier exposed side would require removal and subsequent replace- 
ment of several miniature scrlaws; cleaning not recotnmended . 

The vibrator finger plate can be expected to collect du&t or other 

foreign materials, but again "the user cannot easily clean the cover, and- 

any attempts to doso arfe not advised. 

2.5 ORIENTATION . v • * . 

Locatiiiig, a specif ifc book, page, paragraph and line on a random access 
basis with the Optacon is a more difficult task thaft the same task using 
Braille. Probably the most difficult problems are book and page identi- 
fication. ' ' 

Most books cannot be identified by the cover alone* The- problems 
heye are cover layout, print; size and print contrast ratio. In a typical 
search, Jthe user would actually ignore the cover and turn to a page in 
the middle of the book. The user, would then sc^ near the top of the . 
left hand page, in hopes that the bo6k title/^fpbedrs on every page. If 
unsuccessful, the user will turn to the fi|4t>k/ pages of the book, q^nd 
scan, hoping to find the title. Unfortunately , Un most books the, title 
is too large to be picked Tip by the Optacon, andr the user cannot deter- 
mine the book. title. 

Finding a particular page is not too difficult since once the lo- 
cation of the page number is d^tei/mined (by scanning any page at top 
and bottom), it 4s consistent thr/oughout the book. However, finding a 
particular section of .a book is fairly difficult sinte the task normally 
requires finding and reading th^ table of contents. I'f <\\& taT^le of. 
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contents cannot be found and read, occasionally the u§er can find a parti- 
cular section by scanning through the book and reading the section heading 
often located on each right hand page at the top* 

So, book and page locating Vith the Optacon is difficult compared 
with Braille where the cdver is easily readable and the page numbers are- 
in standard locations. Finding a paragraph and a line with the Optacon 
Is in principle identical, to searching in Braille* The page is simply 
scanned, usually fcom the- top, and the reader skips lines or -paragraphs 
as recognized until the particular paragraph or line is found or passed. 
In the latter 'case the^ reader would repieat the process by backtracking 
until th(B line or paragraph is finally located. Generally this process 
would take a longer time wit-h the^Optacon and would sdem more 'tedious , 
but thl^ is only because reading speeds with .the Optacon are presently 
slower than with Braille. (Hojpftfully with experience, Optacon readers ^ 
will approach and perhaps pass their Braille speeds, although the "short^ 
hand" nature of Brd:llle tends to^ make the latter possibility improbable.) 

Several users feel that a larger field of vi^w* would aid in tracking 
and comprehension. The Optacon has been deliberately designed to present 
a single character to the reader. Whether readers can actually gain 
from additional information or whether the additional inputs would appear' 

as noi^e was not determined under this contract\ It is 'believed that a 

'» ' 

study such as this would, lipw^ver, be valuable if undertaken by an inde- 
pendent 'organisation. An expeiriment was tried with one of FIRU*s adult 

lisers, a Braille teacher, to determine whether one could accfept multiple 
inputs. FIRL presented* the aubject witb a list oL words in Brailld that 
wefe arranged in a column, l^he words were justified to the left hand 
margin and were limited to no more than four Braille symbols per linei 
The Braille teaoifoer was then asked to scan y^lie column firom top to bottom 
""and to limit^^tmrizpntal displacement so tliat each finger\of her reading 
Ijand fell over a single character only. The teacher founk^ that, she 
could Indeed read thd words quite easily. While not related directly 
• to 'Optacon reading, and while the teacher Is certainly an dbove average 
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^ feader, the experiment indicates that multiple tactile inputs can.be 
accepted. Stanlford University reported early in the Optacon development 
that ifmltiple finger reading is not advantageous. These facts conflict. 



2.6 EOOCATIOflAL FACTORS EVALUATION 

Despite the advantage of allowing the blind to read ipaterials other 
tlian Braille, the Optacon presents quit^ a few problems to the class- 
room, the teacher and the school.- Most of these problems are generally 

judged minor. In particular situations many of these problems are diffi- 

i . 

v^ult to overcome. . - ' ^ 

• ■ ■ ^ 

2.6.1 Teacher Training , , 

Except for a few special cases, the teachers had very little diffi- 
culty learning the operation of the Optacon., The difficulty rises steeply, 
however, if the training is not personal and "hands on." That is, those^ 
teachers not technically oriented, in order to obtain an adequate under- 
stand ing» require that they are personr^aly shovm and allowed to operate 
the Optacon. Several of the/teachers felt that a "What -to do when the 

Optacon doesn' t". manual of minor trouble shooting would be important j 

* 

and would render unnecessary many of their calls to the Optacon service 
organization. Another aid to education would be to have all the 
materials, especially the Optacon instruction maViual, in Braill^e. This 

would n«t only aid any blind teachers or assistants, but would be useful 

■ »■ . 

to the Braille trading student. 

/ • V - . * 

2*,6,.2- Classroom Setup - ' 

■ • ^ 't 

When used in a classj^otdm for the instruction of the Optacon (e.g. 

1 

each student would have an Optacon located at his desk), wiring of the 
desks would be necessary' to prolong the life of the battery and, there-- 
fore, minimize the time between re*plac|ment . Tlje reason for this is 
that in- such a classroom the Optacons would undergo nearly continuous 

- • • ' ^ 2-13 
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usngq atxd^ therefore, justiCV the wiring. Wiring a classroom i$ pot 
(Jif f icult nor ia it unusual; take for example, a typing classroom. An, 
Optacon In a iformal classroom probably would not require special wiring* 
<Tf a large percentage of students had Optacons; wiring should be consid 
ered fdx convenience.) A normal classroom rarely requires continuous 
reading and thetef ore Optacon could be run from the battery assum- 

ing mosi: elasse.s for the day are similar and the Optacon ciO^uld remain on 
charge most of the night. 

A common concern among teachers is the lack of 3-Pronged Outlets 

(required by the Visual Display) in most schools. The Visual Display , 

« 

would not be used in a normal classroom but only in. an Optacon classroom 

whi'cb should be rewired. v ' 

*** ' 
In a special Optacon classroom, oversized desks would pi^obably be"^ 

used, • This again is not especially expensive or unusqal. The Optacon 

classroom can be compared with a typing class which also use larger 

desks. A normal blind school or classrooq will usually already have 

oversized desks .as ^e norm becau^ of the space needed to operate the 

Braille writter and it wquld be expected that at a mostly sighted school 

the blind student may already have been provided with a larger de^k. 

A major problem with the Optacon in both a normal classroom and aa 
Optacon classroom is the high percentage of "downtime" as seen f romj^ the 
reliability -t-^sts. The Optacon cannot be expecte/d toyrun continuously:. 



day in and daiy out. The school must either invept in the purchaae of 
"back-up", unlets (to replace failed units awaiting repair) or to incor- 
porate th0 ejected downtime in the cotnrse p'rogjckm and provide ^the 
students with other educational activity while their Optacon i^ being 
repaired. ^ 

A serious concern among educators is the jef feet the noise of the 
OptacOn wirjL have^ on a* classroom. It is pointed out that noise is 
already accepted in many classrooms. The typing class again provides an 
example, as does 'computer classes (using , equipment such ^s a teletype- - 
writer). Noise is accepted in other classrooms also as exemplified by 
the general acceptance of the Brailler. However, it should a^so be 
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noted that these noises <ire usually all typing sounds.' These random 
bu?§t8 of sounds are actually consider^* by some as soothing and' compared 
to the pleasant sound of. rain and 'surf., HM .^sound of the Qptacon however, 
is a high pitched buzz which would probably be annoying to many and. surely 
not pleasant to anyone. One adult user states 

• ■ <j 

««| could not use the instrument In my present Job 
setting. We have two person offices and my roommate 
did not think she could get ua.ed to the buzz. This 
is not to say that I would not Isolate myself in 
some manner if I could use the'Optacon.'* 

The last sentence is a conunon field solution.. Most blind people 
feel that they would isolate themselves in order to use the Optacon. 
This cannot, however, be a solution in the classroom (there is nowhere 
to hide.) * ' J ■ 

2.7 USER ECONOMICS '\ \ . ' . 

Besides the initial outlay oV funds for the Optacon many other costs 
in tim^ and money are involved, A collection of typical costs is out- 
lined in the following sub-sections. 



2.7.1 Costs of Optaeon Training 

course Tuition is: $500 at TSI, $300 at New York Lighthouse and 
$700 -at the Pittsburgh Guilds The training requires between one and two 
weeks on site. Of course , /the- cost of transportation and room and board 
is a concern and should be calculated by tHe prospective buyer . It should 
also be noted that the' training gets the Qptacon user on the right track, 
but the user must devote many, hours of practice for efficient operation. 

2.7.2 Warranty and Service Contract 

, Present lyy TSI offers a warranty of one year f roni^urchas^. This 
warranty covers defective parts and offers a service.'contract for $100 
^per year. After the first year Che contract is $200 to cover both parts 
artd labor. ' 

32 
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2.7.3' Battery Cost 



At present time a replacement nickel cadnium bpttei^y Is priced at 
$12.96, ! 

2.7.4 Haintenance Turn Around Time ^ 

The average number of d^ys for repair of the jOptacon Is estimated at 
3.5 days. This d^ta was taken f rom the. TSI reportsj based on data from 
September 1972 to June 1973 aV contained in their "Service Record for OE 
Equlpmept." The time fot shipment to and from the service center should 
be ^considered and Is a function of an Individual's location with respect 
to the service center. , 



2.8 SUMMARY AND RECOMMENDATIONS^ 

a. The threshold, intensity and zoom lens/ controls should 
have notches to enable the user to reaiully locate his 
settings. This would enable presetting- for frequently 
read material. This would also aid recovery from 
. accidental movement.* ' 



b. Manufacture a model for left-handed operators by* 
designing me front controls and casp in a "mlrtor- 
image" of tlTHj-r presefit conf iguratiqiis . 



c. Increase length of all Interconnecting cabling, inclu- 

\dlng ^ster /slave cables and cassette trainer cable. 
Obtdlri cable connectors for the Visual Display and 
\Cassette Trainer for self-guide and alignment as -well 
as locking' i« pla'^ce. 



e. Improve camera and cam^t'a cable storage. Retractab-le 
cord and a qi^litk dlsconn,eGt^-'f astener (instead^ of screw 
type) should be considered. 

f . Includa^nstructlons for gripping the camefra while 
reai^ing* Emphasize "thumb-middle finger" grip. 

g». Key retina module so that it cannot be replaced 
Vpslde-down. , ■ ^ 

h. Accentuate tactile indicator of camera ftperture; 

1. Supply adapter as optional accessory equipment to* 
facilitate large print. 

j. Supply all-weather carrying case, * 
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Design case flap ro^pen over top of Optacon and to 
snap toward the rear of the unit to facilitate reading ; 
while the unit is still in the case. 

Increase r^nge'^.of adjustment of qarrying strap. | 

Supply accessory poAich to house Sat tery charger fo^^^l 
portability, ' 

Improve vibrator quality control to insure that all . ^ 
pins are uniformly high'l 

Design vitirators to eliminate possibility of Shock (see / 
Elect;Tical Evaluation recommendations) • j ' 

RuggedT&e the camera. case. (See Optical & Mechanical . 
Evaluatioti ReconmiendatioAs) . / 

1) ' „ • ' . ' . ■ • /■ 

Design carrying case for easier r:emoval of Optacon to 

avoid damage in handling. ^ . ' ' 

Optional a^ccessory equipment for locking unit xo desk. * 

Emphasj-Ze to the user in pperaj:ing instructions that he should 
expect battery depletion duetto shelf storage. Also 
caution user regarding storage temperature limitations,. 
Include optical element cleaning instructions. 

Take a fresh look at the advisability of reading with 
more than one finger at a time. In addition, supply 
"what to do if Optacon Doesn't" manual for minor repairs. 
All material should pe available in Braille* 

Provide spedial c}.assrooms with proper desk size and | 
Locations. Rewire Optacon classrooms to accommoclate 
equipment in convenient- locations. Especially,^ provide \ 
grounding lug for 110 VAC lines. ' , ^ 

Program "downtime" "into the course outline to 
accommodate repair time. 

Noise elimination' (from bimorph stimulators) is , a for- 
midable problem unless alternate forms of tactile 
stimulation prove feasible (electrical shock,, air puffs \ 
etc) but the noise could be reduced if the frequency 
of vibration was reduced. A study to determine the 
minimum frequency acceptable for legible reading should 
be undertaken. Skilled readers use much less "intensity" 
than do learners. By the same token, they may be just 
as adept at perceiving less "frequency." v 
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3. *OPTICAL BVAL 





3,1 SCANNING CAMERA 
3,1 .1 Zoom Lens 

The zoom lens consists of thr^ elements,' namely: a dloublet lens, 
a filter and a biconvex lens. Th^se elements are housed^ in a lens cell. 
The operation of the zoom consists , of moving the lens cell close to the 
"l>age for maximum magnification and further from the page for minimum mag- 
nification. As a zodtn. lens it is about the most simple design possible. ^ 
The lens Cell fit^ int-o a slotted ^Jiece to whteh the operating button is 
fastened thrbugh the camera housing with a screw. The uDpp.osite side of 
the lens cel4 has two channels *which ride on 'lands. Clearance cuts are 
madeUn it to clear the wfring for the^ lamps. The slide in which the 
upper surface of the lens cell is fitted^ and the lower surface of the 
lens cell are lubricated with a ^Tiscous lubricant. Operation of the 
zoom lens is very smootli. 



3.1.2 Reading Retina 



_ The reading retina, is housed in a cylindrical container. At 6ne 
end is a plain window and at the other end is the electrical cable per- 
manently attached. The window Serye^ to protect the retina ch^p f^m 
contamination by dust and foreign particles/ The windpw is r^essed into 
the housing so that its outer surface is not flush. Thls^haslthe advan- 
tage of rieducing the possibility of accidental contact 'and thfereby avoids 
fingerprints during handling. On the other hand, it makes it mote diffi- 
cult to clean. Since removal of the reading retina housing from the rest 
o£ .the scanning camera is 'a, ^maintenance operation, the recessed arrange- 
ment is considered satisfactory. , 

The field of view on the page as determined by>^he retina .is approx- 
imately as specified by the manufacturer and lies well within the peri- 
meter of the optical aperture. Therefore there is no vignetting*, and 
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illumination uniformity in the image is good. ^ 

3.1.3 Paqe Illuminator 

The illumination on the page Is provided by two tiny lamps recessed 
in the head and located at either side of the rectangular dperture. The 
walls of the recess are coated with a White paint that serve^^s a dif fusfe 
reflector. The lamps are connected in parallel and the combination is in 
series with a 15-ohm resistor that is^jmou^ on the back of the mirror 
bracket. Deperxding upon battery voltage the voltage .on the lamp, is in 
the neighborhood 'of 3.5 volts. The lamps (Chicago Miniature #6152) are 
rated at 5.0 volts-and a life. of. 5000 hours. At 3.5 volts, life should^, 
be extended about 72 times, which equates to about 40 years. Hence, the 
bulbs should last the life of the unit unless physically damaged. Never- 
theless., one^of the bulbs was covered with' opaque plastic in a test to 
determine whether the unit is still usable with only one lamp. 

I-t was found that the operation with the illumination of only one 
lamp was essentially the same as with both lamps afte« readjustment of 
Ehe threshold control. 
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3,.1 .4 Scanni^iq Camera As a Unit 



Some added description of the camera unit as assembled remains. The 
optical path ii^<;ludes a front-surfaced mirror, which is epoxied to a metal 
bracket. This mifts^ lis located directly above the main* aperture, and is 
protected from oiutsideS^r by virtue of being behind the aperture. A 
protective glass' cover oveK^e aperture wQuld protect both this front- 
^ surf ace'd# mirror and the lamps. However, such a glass cover may have 
greater disadvantages. It would have to be recessed so as not to be 
scratch;ed by rubbing on the paper being read; and, if it were recessed, 
it would be both a dirt-catcher artd difficult to clean. If du^t were to 
deposit on the mirror, it is likely it would deposit on the lelns also. 
In sucli a case, the scanning camera should be disassembled fot cleaning 
of all optical surfaces. 
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« . . 

The' reading retina hausing disconnects fr^ the rest of the scanning 
camera by a bayonet' type of disconnect. Tljjy^onnfec^or slots are symmet- 
rical, and it is possible to make an inverted connection. If this is 
done, the display presentation is upsidedown and backwards. It would be 
better if the connection could only be made the normal way. 
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3.2 DURABILITY 

Durability of the optical components of the system 'c^n be assessed 
on the basis of physical effects, optical effects and electrical effects. 

2.1 Physical Effects . , 

The maia optical aperture of the- scanning, camera allows ^access to 
the interior, and through it dirt and moisture could be admitted. Dirt 
is- not likely to be a problem unless the scanning camera is used in a* 
very' dusty atmosphere or on dusty paper. Even so, the mirror -and lens 
are so far recessed that they are not likely to be contaminated by dus't 
under ordinary usage. ' 

'Moisture may be a problem if the scanning head is, for example, used 
outdoors in very humid weather. Under conditions where eye glasses would 
fog, thevmirror surface would also be liable Go fog. Although complete 
sealing of the unit would reduce or eliminate this condition, such sealing 
would not. only increase the cost but add another optical window which 
would also be susceptible to dirt; and/or physical damage. 

The possible damaging effects' of sunlight on the reading retina can 
be considered. The optical aperture, being about 0.6 cm .in diameter, has 
^ area of about 0.28 cm. Sunlight at the earthls surface is 100 MW 

cm and thfe optical transmission of sunlight is probably .le^^s than 80% due 
to'the filter.. Thus the total power through the aperture into the reading 
retina housing is not more than 23 milliwatts if the scanning camera is 
directed towari^s the sun. This power Should not cause any objectionable 
heat dissipation problem. 
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Power density is a somewhat different considerajtion. Because the 
optics are* not focused at infinity the sun will not be imaged on the 
retina; that is, it will be out of focusT Under the worst condition of 
minimum zoom, the energy bundle from the sun will fall ijn a spot of 
approximately 2.5 millimeter diameter. The energy density in this spot 
will be about 470^ cm. This is still not an excessive level for 

short durations (minu'tes) • However , intentional or prolonged exposure 
is-^not re'cQBjniJpnded. * ' . • 

Mechanical shock, such as dropping the scanning camera,* could cause 
a problem. The lenses are held in the lens cell by an end ring which 
is press fitted to the inside circumference of the cell. Under severe 
mechanical shock this end ring could fall out, releasing the lenses. 

A ^^ond possible effect of mechanical shock would b6 breakage of 
the lamps. S^.rice these are epoxiejd into place , breakage is minimized. 
Direct physical qontapt with the lamp surface would probably be necessary 
to break a l&mp. ' ' . • - 

Clearance between the roller and the main fr^ame of the scanning 

camera is only a few mils. Wpile it;^ is not likely that the rollers would 

«. * \ '* 

become clogged with dirt or lint, both rollers can be removed for cleaning 

by unscrewing a single fXat-head screw. , ' 

Rollers are one piece ^nd can be readily replaced if they become | 
damaged, or corroded./ This i^ mentioned because one of the rollers of ' 
the unit/ examined h^d a pitted ai^ea. It is likely that periodic lubrica- 
tion of the roller ends, which serve as bearings, will be required. ^ 



3.2.2 ' Opt|caf1 Effects ' . \ 

The zoom action is continuous and there is no way of lacking it to ^ 
a fixed or predetermined setting. The zoom set;ting is adequately stable 
from the durability viewpoint. Since all of the optical_element^ are 
recessed or wholly internal, 'there is rio probability^f scratching the 
optical surfaceSKaccldently. The white reflecj:lA7e surface around the 



laimp cavity may become less reflective ili/ 
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as a part of maintenance. It is not norinally exposed to touch by the 



user. 



3.2.3 Electrical Effects - ' „ 

Electrically, the scanning camera has adequate durability. The 
cabje between it and the main unit is permanently, attached at both ends 
and is resistive to bending ^without being too stiff. The internal electron 
ICS are adequately prptectecf from the expected environment. 

■ ■ - • ' • • • ■ ■ y ■ : 

3.3 LIFE OF REPLACEABLE PAPJS ' * " 

There are actually no replaceable parts in the usual interpretation \ 
v)f the term except for the camera headt itself. A bayonet-type o? connec- 
tor is used between the housing for the lenses and the reading retina 
assembly^ TJius in^the event of any pr6blem with the camera head, it 
could be replaced as a unit. *Thus, lamp burn but, soiled 6r abused optics 
Including zoom action ^or roller troubles could be remediect by replacing 
the camera head. , 

3.4 EASE OF REPAIR 

The scanning camera is easily disassembled with adequate tools. * 
Once the sheet metal housing is removed the lens cell can be removed. 
With the removal of one screw both rollers^<;an be" removed. Lamp removal 
will require chipping away th^ epoxy thatglues :^t- to the frame. Repair 
of broken or burned out lamps is possible but somewhat difficult. Since 
it will be very infreqqent, the method uleec^ to mount the lamp (in epoxy) 
is still considered a good method. *^ i « 

Mirror Repair would consist of*reinoving the mirror T^racket by means 
of its single retaining screw. Because optical alignment of themirror 
would be required, it would be preferable to replace the mirrior and * 
mirror bra:cket as an assembled unit. 

Repair of the reading retina assembly will be difficult. Thje window 
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.disc has Iseeri epoxied into place atid the unit /would probably be, severely 
damagecyby attempting to bp^n it. The interSonnectin-g cable enters this 
unit it appears ;that to, re][>4ir the cably6 it would be neCessatry to 
repl/fce the reading retina assembly as wel/1. This would be much more^ 
co/tly than replac^^^ng aVcable alone, Th/s^ situation could be remedied ^ 
fabricating the cas^e in two pieces instead of ^ one. A suggested method* 
%»«^^is to make one piece of the casir\g a hollow cylinder and the other piece 
a removable end cap. which attaches to the end of the *cylitider • These 
/^/"^ tAffo pieces, would replace the drawn cylindrical cm> used now. In this 

■■ » * \ ' ' ' • ■ ^ 

, way, it'wouid. be possible to remove tH^vend cap to get at the cable term- 
ination ins'ide the reading retina assembly. \ 
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3/5 DESIGN ADEQUACY — . 

The optics of the scanning head ap^eax to have ifjeen well engineered 
with ade^quate consideration of a^fl^Tie usual opticaL tradeoffs. The t-^^/ 
zoom lens ig one of the simpl|^t that could be, devised. The illumination 
level is adequate to activatel^e sensor. The lamps are powered at 
rejduced voltage to providje long life. The color filter is reportedly 
designed to provide an overall spectral response at the detector that - 
approximates the eye response." In this way, the G<5ntrast*of printing on 
paper background will be close .to^what the average eye perceives. 
detector array sensitivi-ty allows this otherwise severe. tradeoff, since 
the lamps emittance and detector response both peak in the heai^^ infrared. 



Ac^eptable 'tradeof ts have ^een'^ made between simple design, Idurable 
construction, protection frbm the <environmeiit 'and.maintainabilitjy . 

3.6 COSP TO MANWACTIIRF 

To Cdbsider manufacturing* costs we can .delineate between materials, 
fabrication, assembly and test costs. . The scanning camera appears to. 
Utilize rjbadily available and inexpensive materials. There are no. 
materials used which could obviously be replaced by less* expensive ones 
to sign|.j^icantly^ reduc^e costs in Quantity production; 

40 . 
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With ^regard td fabrication costs j 1^^® evident that 'several machin- 
*ljng operations are required. Since several of the machined pieces are ^ 
small they could be-cheat)ly fabricated if the machining woU^d be arranged 
to be done on se^^eral pieces,at atice. The lens cell, zoom slr^e, end 
plate , mirror bracKe-t an4^ol^ffer« end plates ai^e examples of pieces^hat 
could bfe machined in this way. The* main aperture appears costJjP'to 
machine since it is milled out and has two |ioleS' f or the lamps. V Some 
saving in fabrication coidts/mi^ht be realiz^ed if this aperture wer^e 
stamped out df"*sheet metal pr molde^d from a tough plastic*^ such as lexan 
or eveui^lon. ' . ^ 



Practically all of Che machineii parts 'in the^ scanning camera are of 
a^ prfe^sUoh-type;' that is, they .requirie closci- tolerances flts^ind f i^ ■ 
ishes. They all appear tt> be papable of lyro^^ction in quantity so that 

.iAitial set up of the machining equipment Will bear the brunt, af the 
coat. No' custom fits appear- to b^* necessary ^d 'a?ll*maphined parts ckn 
be p^dtbced on precision niachlae tools -probably with a^very ,low rejec.tion 
rate. Blick anodizd f iniflhe^ ^both Inside' and outside are ^an^ptimum 

^choice for both- ^estffetic and ioptical reaqons^ Since the thickneS's of ^ 

'-^ ^ ■ ; ' * . " - ■ ,x 

anodizing can be. accurately controlled no unusual tolerance oi^ f it prob- ' 

*' ' »'*»"■. , 't. . ■ ^ - ■ f 

lem^ should be encounkered in Assembly. . i. • 

*■ In c'bnsideration of assembly cpstfe it is noted that for <the most part 
pieces tH^^t require- individual machinijcig are attached by means of screws 
to the mairi^'ame. For -Economical assembly at least some .of these machrf*^ 
ine screws ^o^d be/r6placed with "quick" fasteners or even elimiii^ed. 
For. Wan^plej'^.four^ scrfews h-old the housing cover 6n» 

• By ircilSbcatlng/ t;wb 



art of the assemE 



the alignment of the^ optical 



rieaciir 



7o critical a^e^s exist, which a1s;eN;he ml^^r orietitation and 
Lng retina or i^h^tion; Mir ro3C\<^iet^ i? likely controlled-^ 

in thKee axes by gtuin^ the^ mirror to fthe<^rro1^^racket In ^ holding 
Jig/ &y' tolerances on the bracket fitted* IntK^^^Oi^ frame-and by betid^ 
. in^ the mirror bracket after assembly. The onl^'^pos^ operation 
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would 'be the beilding of the brackeit, and even ^this might not be ne^cessary 
if mechanical tolerances are accurately controlled, 

* Orientation of the reading' retina ia probably more critical. The ,u 
array must be rotated with respect to the qonnector bayonet studs so 
that »its axes are aUnged to the page when tlk^^canning camiera is mech- 

''anicaliy^ aligned to the page. In addition, the window disc must alaa 
match the^spr^ng contac^s'for the lampq when connection is made. In both 
instances, i,t is li^kely that adequate orientation can be 'obtained by 
Controlling mechanical tolerances ,v and making assembly in a Jigt 

• For post-assembly testing, it should be passible to incorporate 

• verification of the optics- with the testing of the whole Optacon. 

3r7 ^ SUfll lARY AUD* R^riMENDATIOHS ' V r \ 

^Recommendatidts fall into two categories changes in f abnicatio^i*, 

^ant projrisions for x:are and maintenance. In the first category 
^the fol^^&<*4jigr 

^type disconnect- be'tveen the' scanning head and the 
assembly shouijd be modified ao that the reading 
:anndt^ B^sconnected in the wrong orientation. This 
might'TjQ^^Qiriply acb<?^plished "by^ locating the bayonet "felots and 
mating .pinsTuh^ than 180° apart/ • 

b. ^ Since the cable Between the scanriing head and the main Optacon 
unit Is subject vp considerable w^ar by flexing and rubbing, it 
is likely to require replacement. In th^ predent^^'^anner of con- 
struction it appears that Gpnn6ctioh of a new cable at the end 
of the reading retina asseijbly woUld be a major operation Involv- 
ing the retina itsdlf. The termination of the cable at the 
.reading retina houding ahould be^ modified so- that th^ risk of 
inVolvltig the retina in'cable replacement is eliminated. \^ 

c. The lens cell consists of, ^hollow cylinder containing three 
optical elements held^i»-prtSlifi by a hollow eiKl piece that is ' 
pressed i^to the end of^^the cetl^^^JLtis recommended that this 
end piece^^be more ptosit'ively attached >td the ieTO^eri ^ ^^^ ^.s^^...^^ 
^■"nimum a' drop of Locktite or other adhesive agi^t shoutS^e 

plied at the fTange to effect a bonding of these pieces. 

he main aperture pf the scanning head which contains the two 
illuminating lamps is milled out. For quantity production it is 
reconnnended that the design.be modified so that "this apertute 
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can be stamped out of sheet material In order to effeict a cost 



saving. 



e. The sheet met^l cover of the scanning head Is attached to the 
3cahni<ig head frame by four flat head pcrews. It Is recommended 
that assembly time might be saved by re^ticing the number of 
th,«8e screws to two dr even ellmlnatlng^'them byC using a different 
/ method of iittachment, ^ ' ' ^ 

In the area of care and maintenance. It Is recommende4vthat the two 
tellers under the scanning head be cleaned periodically and oKelr enfjis 
be light J>y lubricated, ' 

Table^s 3.1 details the cost to manufacture the scanning camera Jle'ss 
reading ^etlnaV electronics ^nd^ cable) per unit in lots of 1000. / 

"Potential savings In this ar^a are considered neftli^ble percentage 
wise. If quantities significantly Increase, Incremental savings 
become significant. 
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Table 3.K Cost to, Manufacture Per Unit In- 1000 Quantity 



MATERIAL: 



Aluitflnum 1/8 lb at $6.00 lb 
Steel' 1/16 lb at $8.00 lb 
Stainless 1/16' lb at $32.00 lb 
Hardware 12 @ .03 unit 
Lamps 2 @ $2.00 unit 
Wire Inaul. 1 ft at $0.12 ft 
Paint / • 
Anodize ' 
Lens, Doublet 

Filter " 
Lens, Singlet 

Spring Contacts 2 @ $0.06 unit 

Epoxy^ 

Mirror 

Resistor 

Window „ , 

Button Contacts 2 @ $0/12. unit 



$ ,75 
. ^50 
2.00 

A. 00 

.01 . 
.05 ^ 
.60 
.50 
' . 35 

.06 

.AO ■ 

.05 

.10 
$ ' .24 
$10.21 



FABRICATIOiN: 

Main Frame 



End Plate 
Roller Plates (2) 
Rollers (2) 
Cover 
Cylinder 
Cap 



-1 



■■p;~ 



$5.00 
.50^1 

i.ooi 

.50 
.16 
.16 

- .16 " / 
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Table 3-1. Xost to MJinufacture Per Unit in 1000 Quantity (Cont.) 



FABRICATION: . • . , . 

Mirror Bracket / V . $ .16 

Lens Cell (2 piieces) * -l^x 

Zoom Slide ' -20 

Zoom Button ' , .05 \ 

Window^ Disc ^ ^ -IS 

' Painting and Anodi2:Uig ^ 1*00 

/ ■ -j . ■ ■ . 



$9.21- \ 



ASSEMBLY AND TEST: . • " / 

Screw Attachments (X2). $ 
; Wiring ' - - \ . 3-00 

• Gluing 

Rollers 



5.Q0 
.50 



$10.50 



|T6tal cost to manuVacturfe scanning camera less reading $10.21 

retitia. electronics and cable: ^* 9.21 

■%i 10.50 

■ ' • ' $29-..92 
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4.1 OPTACON PROPER — . . 

^4.1 fil General Comments ^ ^ . . ' — 

' The Optacbn itself received th6 bulk of the evaluation effort since 
the display u^it and the cassette ttainer serve only for training pur- 

poses. ^ 

^ - ■ ■ . 

The design isy basically sound; this is attested to by the (continued 
satisfajctory 6peration over long periods of tlqie (see life tests). 
Several outstanding features were- noted, as well as a few undesirable 
characteristics whixh can feasily be corrected. These are spmmarized below 
and^described in detail in later paragraphs.' . 43 ' 

The 'following desixable features Were noted. 

a. • Basically sound desigrr; 

b. Maximum usage of custom bimorph driver chip so 
that developmetit cost is Widely spread; 

c. Low noise on power buses. * ' . 

The following, undesirable characteristics were also found: ^ , 

a. AiVrace" condition in the logic which could " , 
cause malfunction if the electrical characteristics 

of certain components fall near the extremes of - ' 

their specified jahges; 

b. Possible mild electric shocks from the bimorjph. ^ 
stimulator pins* 

/ ■ • ' • ^ . ■ ' . • ■ 

Recommended areas -of improvement in a future design are: 

\ a. Self-scanning retina to reduce the number* of 
wires in the camera cable;. 

br A further look at the mechanical design of the 
\ , bimprph stimulatpr array and the .electrical 

\ design "of the drive circuits, the combination 
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• of complex mechanical design and high, voltage 
requirement on the bimorph driver chip ^causes 
the stimulator- subsystem to contribute approximately 
on^third of the total cost of the*Optacon. (The ^ . . 
oth^r two-thirds is divided roughly equally 
between"" the camera and the rest of the Optacpn 
excluding the stimulators.) 

4 J. 2 Electronic Design (Optacon) 

The electronic design of the Optacpn waV^valuated mostly by 
examining the timing diagrams and the schematic diagrams. The object of 
iElie study was tp reveal any basic design flaws -rather than>^o seek ways 
to delete a component here or there; the latter course of acfcton would 
have been tantamount tP redfesignj(ng the Optacon, which is. clearly beyond 
the scope of the task. . 

The only basic ^de^ign f law\^lcovered is bne which could cause a 
reliability problem if certain cpmpoxtettta Jaave electrical characteristics 
near the extremes of their ranges. This flaw is discussed in the 
following paragraphs. 

Figure 4.1 shows a part of the logic used in the generation of the 
pulses which interrogate the rows of the silicon retina in the camera. 
Also' shown are selected waveforms. * . 

is the output of a flip-flop, and this is used to drive ^ second 
flip-flop whose output is Q^^ and Q2 are NORed tpgether to produce 

a positive pulse at X during the time th^t Q^^.and Q2 are both low. The 
waveform at Y is the same as. at X except for a slightly lower "1" level 
(because of the <iiode drop) and a slower fall time. T^ is essentially 
an inverted ahd squared-up version of Y. 



Ideally, the transitions of Q2 would coincide with those of Q^^. 
Since Q^^ drives however, there te, bound to be a small delay between 
the triggering of flip-flop 2 and the change oi state of its output,, Q2. 
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Figure 4.1. niustration of Potential Reliability Problem 



ERIC 



4-3 

48 



• ■ ' ^ ; ; . F-C3435 

Therefdre, the transitions of Q2 will always be slightly later than those 
of Qj^ and the delay^ are shown exaggerated in the figure. Because of this 
delay, there is a short time wh^ Q2 is still negative as Q^^ goes negative 

for the second time as shown in the waveform. This causes a positive 

■ • ' 1 

"glitch" to appear at and this was verified in an actual Optacon , 
Tli^-'^.^tltch is sprea'd""i^ time and lowered in amplitude by the time it gets 
to Y, and is fortunately small enough that it does not cross the threshold* 
oi the inverter stage, and hence does not appear at T^. 

The "glitch" would propagate through the inverter and cause extra 
T , pulses tx /^tt'e of twp condi^ons were to occur: 

4; "--^ '-^^ . . ■ ■ 

\ ^Sa. ^^ej threshold of the inverter ^ere Iqw; \ , ' ^ 

b^^ The delay between the transitions of and Q2 is to^ fong. 

An extra negative-going T pulse would reset the comparator flip- 

2 ' 
flop and then interrogate the retina a second time in the same row Us 

did ^the previous, valia^.T^, ptilse , Since the phototransidtor x^ould ttpt 
h^ve time to recharge in the sh^t •intervelSang time (the presence of light 
assumed) , the^ result^^ t^b^/lii^fteM'bgatipn would be "no light" 

whether there was -light or not. In the NORMAL mode the bimorph stimula- 
tors would vibrate continuously; in the INVERT mode they would never 
vibrate* .Since the T^ pulse scans all rows sequentially, all rows would 
fail, and all bimorphs would remain on (or off). 

This potential reliability problem can be eliminated by eliminating 
the "race"^ between Q- and Q^,, a race which always wins, and therefore' 

i ' i Y" ... 

always produces the beginning of a "glitch." « 



1 , - 

Optacon serial No. R507t-012- ^ 



The comparator flip-Slop is always reset prior to an interrogation 
and then set if there is light on the retirfa element being scanned. 

A "race" is a condition in which two or more logic levels change st^te 
simultaneously and a spurious output could occur as a result of one 
changing ahead of the other. 
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One approach which will alleviate the problem, but not completely 
eliminate it, i?s' shown in Figure ,4.2. Its advantage is that it does rfot 
require additional components. It consists of connecting the Q^^ 'input 
of the NOR gate to the output of inverter Instead of the Q^^ output of 
flip-flop 1. inverts Q^^ and produces a waveform similar to Qj^ except-^ 

delayed by the time delay of the inverter. This would at least partially 
compensate for the delay be^fween the original Q^^ and thereby allevia- 
tinjg the race problem, but not necessarily eliminating it. 

Figure 4.3 shows an approacli that . eliminates the problem completely, 
but requires an additional flip-flop to produce the signal, 'which 
changes state on the positive-going transitions of Q^^, or the negafeive- 
going transitions oi Q^. < - 



The rest of the Optacon logic was qiarefully checked for similar race 
conditions, ^^one was found which could af$ect the proper operation of » 



the Optacon. 



( 



Another complaint about the design is/ namely, the wide use of delay 

- ■ ■ . ■ 

circuits to get rid of what otherw^se^^ would 'be 'se;)ere "rac^" problems. 
In the case of the Optacon, this technique is pern\issible' because the 
durations of the logic states are long compared to' tTTe^^tt^sition times. 

Jelays are .therefore not critical, provided that they a^e long enough. 
^In soi^histicaf ed, fast digital circuits, however, this technique could 
not be\|sed; jfeufficient logic would have to be designed into the system 
to precluoe^all possibility of "races." 

The wide use of complimentary symmetry MOS (CMOS) chips throughout 
the Optacon circuit is deserving of attention. CMOS has several advan- 
tages and drawback^ as compared with transistor-transistor , logic (TTL), 
the advantages outweigh the drawbacks when power consumption is the , 



One otl^er potential "race" was found which could generate short, 
spurious 0 pulses during the 02 pulses. However, only the valid 
pulse, whiEh signifies all "zeros" in the scanner shift register 
lasts through the 0^ pulse, at which time a "1" is shifted into 
the register. Therefore, spurious "I's" can never.be shifted in. 
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Figure 4.3. Elimination of Race Condition Requires 
: One Additional Fl.ip FlofJ (Q3). , 
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major design criteria. The chief advantage is low power consumption, 
■ of the order of 10 W for one CMOS logic !'gate'* driving another CMOS 
circuit. Another great advantage is 'high noise immunity. 'This is : 
broujght about because CMOS l6gj.c has a higher threshold ^than TTL, and 
is at Iqast an order of magnitude slower than TTL, and is therefore less 
susceptible tpv and less likely to generate, short aoise transients. \^ 
. (In ifiany digital applications, CMOS, would iSfe^ob slow^^^Jmt this is not 

true of the Optacon.) , v . / ^ ^ 

♦ ' • , " , ' . ' * ' - .' ^ ■ 

The drawbacks of CMOS are a greater number of components .^nd the 
cost of £he CMOS circuitt? themselves. The CHOS circuity, cost three to 
four^ times as much as equivalent TTL circuitg^^ Thi^ would amount to * 
roughly $30 per Optacon greater cost in purchased componexits than if 
TTL Were used, which is not a large amount dd^J^pared to *thfe total cost 

of the Optacon.' - . /I 

' ' . . - ' , ' I'i " 

Another sacrifice in cost arising from the use of CMOS conies about' 
because of the larger /number of package^? required to be assi^mbled onto 
tlie circuit boards. ^ Thia is because there currently a smaller choice 
of logic functions in CMOS than in TTL. XJ>6tefpre," a ^Large number of 
discrete cbmpopents are used in. the Optacon tb^ perform' functions wUch ' 
coulH have been performed by TTL integrated, circuits . By^^sing TTL; a 

* saving in cosfwould be achieved, through a Bmal}.er number of .components, 

■ ' ' ■ . " ' ' ' ^'-S . ■ ' * ' ■ ' 

• and. therefore reduce assembly time. However,* this drawback will tend 

to disappeair as a wider variety of CMOS i:ircuits are developed arid the 
Optacon is/redesigned accordingly. ; * 




A hex inverter (six inverters in one package) costs $3.90 
in RCA COS/MOS vs $1,04 in low power TTL; 



5.3 
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4J.3/ Bimdrph stimulators : 

/• . \ % ' ^ • * . ' ' ■■ . . 

The bimorph stimulator ^array and l±s supporting circuitry constitute 
roughly one third of the* cost of pthe Op^^aconV^ Besides being mechanically 
complex, the array requires abWt 40 volts to operfate,. This voltage ^ 
'imposes the requirement of special processing in the fabrication of the 
bimorph driv^er. integrated ciifcuits, processing that is not standard in 

the fabrication of most MOS integrated circuit chips . ^ ^ 

■ . " f '■ . '■ , ■ 

While it is easy to complain about the complexity and voltage 
requirements of the bimorph array, no easy ^solution presents itself. One 
poss;.bility is to make the bimorphs longer, so that less voltage is require 
to displace them a given distance. Another might be to drive the pins 
by means of pulsating air pressure. HoweVer, considerable^ research 
- would be required to evolve a tactile stimulator system substantially 
bettet: than the^present one. It is, however, a recommended area" ef 
improvement in any new generation or Optacons. 

One minor fault, noted in the 5ptacon is residual vibration o£ 
stimulators whern they should be turned off. Ohe possible cause is mech- 
anical coupling between adjacent stimulators through the' coitraion b^r to 
which they are mounted.. Another is stray, capacitance to ground from, the 
center conductor of the bimorphs and its connectsing leads. / 

Because the bimorph capacitance is approximately 10,00^ pF, and the 
stray capacitance to ground of leads, bonding pads and the bimorph driver 
switch can hardly be more than, a few tens of picofarads, the residual 
vibration due to stray capacitance 'with the bimorph off should be less 
than l%^of the vibration with the bimorph on. Thus,. stray capacitance 
should not be a. problem. " . 

The residual vibration situation lia^s recently been investigated by 

; TSI. . They re4)ort that they have corrected it. _ 

, ' . . . . o . 

There have been user complaints of electric shock from the bimorph 
stimulators. It is noted that the stimulator pins are made of nickel 
and are attached to the bimorphs by means of RTV, a- flexible adhelive. 
'VThe pins may or may not be insulated from the bimorphs" themselves , which 
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carry a square-,wave Vott^ge of abput 40 volts peak at full intensity. 
While 40 volts * is noto^^at(^^ it can cause 'considerable discomfort 
if the fingers ap^^lnoist , fas with pierspiration* This evaluator, using* * 
a variable ^BdUrce of alternating voltage, half-wave rectified to 
simulate the blmorph\'oltage, experienced moderate discomfort at 35\volts 
peak with maist fingers. ' 

The suggested remedy is. to use pins made of an insulator 'rather, thair 
metal to contact the user's fl;nger. Dr , insulatinjg caps, could be placed . 
on the ends of the pins or over the Bimbrphs where the pins are attached. 
Stanford University tried a , plastic-sheet over the' entire array. This , 
"ismeared out" the tactile image t^o an unaatisfaetfory extent • , * 




4 J. 4 Custom Integrated Circuits ' ^ ' , 

* ' * ■ ' ^ -.,,'* • ■ ' ■ * 

Jwo custom integrated circuits are used in the^, Qptacon: ^the silicon 
"retina and the bimorph dri*ver. * the silipon retina^ls lised in the camera 
to convert the tic ai^ image into elej;:tr!lcal signals. The bimorph driver 
if5>5^ed 14 tiines throughout the .Optacon: two to scan th6 24 rows of the 
icon retina and twelve to dtive the 14'4 bimorph sti^ulatoKs ; 

The Silicon Retirt^ ' 



The 'silicon retina consists of six column^ and twenty^four, rows of* 
ch^r^e-stj^^r^e photo trarts is t<^rs. Figure 4;4(^) 'shoVs an equivalent pir- 
cuit ^ dn^e transisftor; Figur^ 4.4(b) shbt^s how the tlransistors are in- 

' } ! . ^ 4 

teropnnected on the chip. The xtransistprs in each column have their . 

■ • ' ■ ■ ^. ' , /' ■ ' ' ^ .■ ' ' - 

eioXl^tors connected together, ^he transistors in each rjt^w have their 

^^4/tters conne<rt^d to^eth^r.. • , ' 

Each/cransisto-r has a l^rge, built-in capacitance from collector to 
Js^ase. /^he transistjor is "interrogated** once per scan by a negati^^e 
pulse at the emit.ter. If, during the intervening interval since the ' 
previous scan, ±here has been light on the transistor/ the capacitance 
C , will Have been partially or completely discharged, depending upon 
the amount of light. When ^negative pu^6e ia applied to the emitter, • 
the capacitor recharges, ahd^the current fl^w required to recharge the ^' 
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capacitor is amplified by^ the traflsjstor, producing a pulse of current 
In the collector. If, on the other hand, there was no light since the 
previous scan, ^then the capacitor will have held its charge (except for 
a ifmall amount of leakage) /and therefore does not draw a charging current 
when ,thfe emitter' is ^puls"^d. Cons^ecrcJently , the re^ is no (or negligible) 
^)ulHe.of current in the collector . 

Only one row of emitters is^pulsed at a time. Therefore, the ^ . 
presence pr absence of a pulse on a particular column- of collectors 
' depends 'upon light oj no^light on the transistor at that column and that 
row. The rows are scanned in ^n interleaved fashion, i.e., 1, 3, 5..., 
2J, 2, 4, 6..., 24, 1, 3, 5/*., etc. The scanning is accomplished ' 
by two bimorph driver chips In the main housing of the Optacon. 

TSI has the retina Chi"^l manufactured by an outside firm. The cost 
^pcr asset|j|led retina is aBoutv^$75. The, most startling re*vel,lat^ion. x!on- 
i crnin)^ the cost is that the packaging yield is only ^bout 50%*; that 
is.,, a retina Vhich tests, ^od during di«-sbrt^ has only dbout a 50'A 
chance of testing gbqd a/ter being packaged"/' The die-sort yield (per- 
centage of good chips on a wafe^) isjabout- lOX, which is fairly, reasonable 
for this array of phototransistors . if^the packaging yield could be 
increased from 50% to 75%, the cost per packaged unit could.be brougnt , 
down -tp abo,yt:$54,00; for "85% yield, ' $50.00; f or \95Z ^ield, $46.00^. 
Thus, beyond abput 85% packagin^ieTd, other thirds being equal, im- 
proving the packagi^n-g ,yi4ld reaojiesoa pointy of dimlhkishing returns. 
(The data cited above was 9btained f rom« TSI in July, 1972.) 

Figure 4.5(a) is d mici-oplt^ogf aph of a part of a packaged retina, 
'file ^iarge rectangles aru ^ the light--gathering' base regions of the tran- 
nSistors with their large capacitance to the collector regions below (into 

\ / ^ Z_ ■ ^ ■, - , 

Testing on the wafer with probes prior to scribing into sepnrcite . 
. chips and Assembling the' latter into packaged units. 

7- - ■ . / . ' • . 

This ignores the cost of improving the packaging yield • ' 

The pack'aging labor costs $4.50 per unit. If doubling the \ 
cost of packaging to $9.00 could lead to a 75% yield, the % 
cost of the finished retina would be about $59.00 instead 
of the current $75.00. . 
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the paper) • The "borders" between the columns of transistors ^re the 
isolation regions which prevent the collectors of adj'acent columns of 

transistors from shorting together. 

• - • . ' * 

The, small squares at th^ tops of the base rectangles are the emit- 
ters. These must be small to minimize blockage of light and to minimize 
emitter^to-base ca^pacitance which, if 'top large, jwould cause feedthrough 
of the emitter pulse to the collector when there is no light* The long, 
narrow rectang^ at the top of qach column' is the contact to the column 
of collectors. The squares at ^he edges of * the chip are the bonding pads 
to which the paekage wiifes are bcyr>ded. 

^..Figure 4.5(b) shows the same portion of an unpackaged chip from a 
wafer kqown to be bad, but otherwise selected at random* The entire 
metal pattern ,is misregistered low and to^ the left with respect to the 
rest of the circuit. Such misregistration woulct give zero yield on thaf 
particular wafer. 

This gross an error is rare in an ^integrated circuit processing 
facility, although it does sometimes happen. It is due to ^misregistra-- 
tion of the photomask duting photolithography, and is a human error. 
Good practice is -to make a visual check of^ each w'^Sfer following ^each 
process step so that wafers bearing such obvious defects can be discarded 
without further processing. The cost of a raw wafer is approximately , 
$15; it costs about $200 to process a wafer to completion. Each wafer 
contains about 130 chips, roughly 10%(^f which test good at die-sort. 

4,1.6 ,The Bimorph Orjver Chip ' - ' > ^ ' > 

The design of the bimorph dr^iver chip is highly'' p^-ai^eworthy . The 
same integrated circuit configuration performs a variety of different 
functions in the Optacon itself, in the display unit, and in the 
casset^ trainer. Thus, the cost of develo^irig the chip is spread over 
Its several applicat-ions. The cost of developing a custom integrated 
circuit IS'-typically- tens of thousands of dollars. Therefore, the Incbr- 
j^ration of a few "extrasV in one chip to make it perform many different 
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functions is far more ecpnomical than designing a separate chip to 
perform each function. The chip is large-scale MOS integrated circuit. 

Figure 4.6(a) shows the package configuration used by TSI for the^, . 
chip; Figure 4.6.(b) shows* the ^schematic diagram for one of Jwelve stages, 
l^ch stage contains one stage of a t;^o~phase dynamic shift register, ^ 
a data transfer switch,, an output switch, and one of twelve inpS*ts„ of<* a . 
NOR gate . , - 



The chips are always used in pairs, one for p'dd rows, one for even.- 
The 12th stage output of the "odd" chip ^is connected to the 0^ input o|^ 
the "even" chip. The NOR connections on the chips used for* scanning the 



camera are used together with some external logic to hold *the 0^ input 
of the "odd" chip low ("0" level) whenever there is a "1" on any of the 
24 stages of the shift register formed by the "odd" ^nd "even" chips 
combined. When all 24 stages c^ntaip "O's", a "1" is developed at 0^. 
This causes a "1" to^be shifted into tl^e first stage of the "odd" regis- 
' ter on the next clock cycle (0. followed by 02). Thus, st single "1" is 



stepped along the 24 stages, advancing one stage with each clock cycTe. 
Only one stage at a time contains a "1"^ The 0^ synchronizing signal, 
developed by the pair of bimorph drivers used to scan the camera, is 
connected to the 0^ input of the "odd" chip of each pair of bimorph 
driver chips used throughout the system, thereby ensuring syncfironism 
among the camera scan, the bimorph stimulators, the visual display* and 
any "slave" Optacons connected to a "master" Optacon. In the cassette 
trainer, there are two bimorph . driver chips which scan a simulated 
camera exactly as the camera scanners in the Optacon do to the real camera, 
When the cassette trainer is used, it generates- the 0^ synchronizing 
signal td which as many as^X^ur Optacons can be slaved. 

> th 
Let us cHmsider what happens during the scanning of the i stage^of 

the 24 stages formed by the combination of the "odd" and "even" chips." 

In the case of^ tne camera scanners, a negative pulse ("X" level) is 

applied to DATA, V.e.^ to all twenty-fecJur stages. However, this pulse c^n 

' 4. * \ I th • 

get to the gate terminal of the output switch only on the ,i stage, 

where the gate of the\data transfer sWtch is high. The duration o> the 
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DATA pulse is less than a clock cycle, so that the capacitor is 
charged by the leading edge of the. pulse and. discharged by the trailing 
e;dge. Thus, the output switch of the i^^ stage is "closed" only for 
the duration of the data pulse. An inverter (j^^f the chip) converts the 
switch "closure" to a negative pulse which interrogates the appropriate 
row of the camera chip. ; ' 

.^There are six pairs of bimorph drivers in the tactile stimulator 
arraV, one for each column of bimorphs . * ' The signals appli-ed to the DATA 
inputsTfor each column 4re derived froiti the signals generated at the 



collectors of the phototransistors in the appropriate column of the 
camera y. The signals depend upon whether or not there was light on the 
selected phototransistor • In what follows, we assume that the Optacon 
is in the,. NORMAL mode (dark text on a white tackgrourid) . In the INVERT 
mode, the operation is the opposite of what. is described below. 



1- ^ ■ 

Case 1: light sensed as the 1 stage iy ticanned. 



As« soon as the data. tr:ansfer switch is. turned on by the 
appearance of a "l" in the i^h stage of the shift register, 
a negative piilse is applied to DATA'l The presence of 
light on the appropriate phototransistor, however, causes 
the pulse to disappear after a few microseconds. If 'the 
"memory" capacitor, Cj^, had been charged by the previous 
scan, it is discharged; if not, it may be charged 
Momentarily and then discharged. In either event, it is 
left discharged, and the output 'switch is left "open." 
The drain of the output switQh is connected to the bimorph 
cente*r conductor; if the switch is open, the bimorph does 
not vibrate. . 

Case 2: light to not sensed as the i*"^ stage is scanned. 



A negative signal appears at DATA as before, but it remains 
negative at least until the "l" level, on the data transfer 
switch haa shifted to the next stage^. The data transfer 
switch therefore "opens" while the DATA pulse is negative, 



8 r 

The "camera" may be the actual camera of the Optacon, the camera of 
another "master" Optacon, or the simulated camera in the cassette 
trainer. 

Actually, the DATA signal remaijis negative until. a pliotetr'nnK i stor 



wliich .has .bee n- ilj ^minated is scanned . 
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thereby, trapping charge on Cw* The gate of the oiitpu^t 



M* 

switch therefore remains ''high** throughout the, entire scan 
period^j "kndj in fact, until the appropriate phototransistor 
la on cfe again i'llumlnated. As long as Cj^ is charged, the 
bimorph vibrates. Cj^ thus act? as a. memory element which is 
refreshed on each scan.. ^ 

The bimorph drive^r chips in the display unit^are used in the same 
manner as the camera scanner. The DATA signal is a short negative pulse- 
which always "cloaes" the output switch of the i stage for a sKort 
interval. No charge is trapped on since the DATA pulse disappears 
before the "1^ level is shifted to the next stage. 

This description of the operation of the bimorph driver chip was 
presented^ to demonstrate- the versatility of the chip and to set the stage 
for a. discussion of some of the special problems which had to be. solved , . 
in the design of the chip. The chip .must be fabricated by a process which 
is a modification of** standard MOS integrated circuit processing. ,f ' 

There were two signiJEicant problems which had to be overcome in the 
development of the chip. One was due to the high voltage requirement of 
the bimbrphs; the ot^herr was due .to, the/ application of a large square-wave 
voltage to the bimojphs to make them vibrate when the appropriate output 
switch devices^ on tHe chip are closed. ' ' 

. ^A detailed description of the problems is^ given in a Stanford 
Electronics Laboratories report . A brief summary is presented herd. 



1. High Voltage i 



The fabrication of p-channel MOS circuj^s capable pf withstanding 
high voltages (-40 volts) requires special techniq'ues and greater chip 
area than is normal for standard p-channel MOS circuits. Deeper p -n 
junctions are needed to avoid surface breakdown. Long-thannel devices, 
required to prevent punch- through, take up more real-estate. The n- . 
type substrate must be heavily doped (n ) in certain areas to prevent 
"field inversion," i.e., the creation of spurious MOS transistors where 



James D. Plummer, .MOr> Eleatronias for a Reading Aid for the Blind^ ' 
Stanford Electronics laboratories Technical Report No.- 4828-6, 
August 1971, pp.^ 109-127. ♦ ' 
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metal carrying high voltages bridge two adjacent p ^x^gions. The n 
dopJLng requires an extra photomask, extra processing ^irid more real^estate. 

^ 2. Bimorph Voltage Waveform a 

The square-wave drive On the bimorph causes holes to be injected 
into the substrate on the positive-going transitions of the square-wave 
wherever the: output switch is closed (bimorph on). This is illustrated 
in the follQwing sketch. " 



BIMORPH DRIVE 
VOLTAGE 



CAPACITANCE 
OF 
BIMORPH 



I'ON" RESISTANCE OF 
OUTPUT MOS TRANSIS- 
TOR 




p ^DRAIN 

4oles I njected I nto 

/Substrate During t 

. . p. 

SUBSTRATE 



These* holes diffuse outvard, away from the point of injection. If 
some of. them reach the p^ regipn forming the drain of the* MOS device to 
>which the capacitance C is connected, the holes will be collected by 

this p region and discharge C thereby turning off the bimorph. In 

■ ; + 

effect, the- p region where the holes-are injected forms the emitter of 

■ ■• ■ ■■' * 

a spurious ?lfP transistor, the intervening n-type substrate forms the base^ 

and the p^ region connected to forms the collector. 

This "PNP problem"*^is solved; by: (a) physically separating the 
•'emitter" and/'collector*' as far as possible; (b) doping the intervening* 
substrate to make it n^, thereby reducing the surface lifetime of the holes; 
and (c) placing the grounded source of the output MOS transistor between 
the point of injection and^^, thereby providing an intervening 
collector to intercept the hpl^s before they can reach the p^ region 
connected ,to C^^. As an added precaution, the rise time pf the bimorph 
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voltage waveform is slowed to reduce the transients which cause the in- 
jection of holes. • ^ 

The -^n doping requires the same extra photomask and processing . steps 
as "it does to avoid the "field inversion** mentioned above, Therefbre, 
the n step can be eliminated only if the bimorphs could he operated at 
lower voltage, and the excitation method could he redesigned to elimin- 
ate the massive injection of holes. ♦ 

-i - * 

The PNP problem necessitates a cfiip- layout which requires much more 
silicon real-estate than if the problem were not present Large real-. - 
estate requirements lower yield and allow fewer chi'ps per wafer thereby >y 
increasing the cost of each good chip. Because special processing is 
required for high-voltage operation, there are fewer manufacturers will- 
ing' to gear up for relatively small production runs; consequently, the * 
cost of processing a wafer is larger than if standard processing could 
be used. . 




Figures 4.7 through A.iO'are microphotographs of the bimotph driver 
t)aken with the aid of , a scanning electron microscope. Figure 4.7 is' 
erall view of the chip. The top third of the chip is occupied by 
-stage shift register." The top row of large rectangles midway 
down the chip are the memory qtapacitors, C^^. Just below these are large 
rectangtes of metal which are presumed to be used to minimize the 
vol tat^drop^ along the long p"^ region which runs, horizontally across the 
chip and forms .the sources o£ the output MQS transistors. The source cur- 
rents flow along this p. region and off tha'chip to an extamal ground 
via the SOURCE OUT connections . This p"^ region lies between the drain 
regions of t^e "^tput switches and the memory capacitors to minimize » 
spurious PNP transistor .action as described aboVe. The regions at the 
bi>ttom of the chiij ^nd shaped like inverted U's are the gates of the 
output MOS transistors. Between the legs of dhe.U's are the connections 
to the drains^ of^ the putput devices; these are connected through the pack- 
age leads andCOptacon wiring to the bimorph center conductors.,; These 
drain' regions are^where the holes are injected which cause the spurious 
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PlJP'^ problem. Only through very careful layout and design of the process 

'^-r'-""""'' ■ • ■ * ; 

was this pi:^blem solved, , 

Figure 4,8 shows a view of one stage of the shift register The . 

small^ roughly square depressions are the contacts between, the m^tal i,n- 

. 4- • ' " . ' * 

ter connect ions and the p »^source' and drain regions. The large depressions*, 

are gate regions. The metal psfttern is ^ misregistered slightly Mgh, hv^ \ 

the dimensions used in the chip geometry are suf f iciently . cbnservative? 

. to allow for misregistration of this small a magnitude. It is 

impossible to obtain perfect registration of the various mask^ levels of 

an integrated circuit; the design of the patterns must allow for some 

misregistration. 
- ■¥ - u 

" , ■• ^"^v 

Figure 4.9 shows a portion of thechip which includes parts of the 

' metaory capacitors, the large source region of the output switches, and . 
the U-shaped outpute? MOS transistors^ withi^^fehe—drkin contacts between th^ 



legs of the U's. Figure 4.10 shdws-/a higi>ly-magnif ied region whete two 
adjacent metal runs Cross steps fo/med where p regions adjoin n-type , 
regions. The metal flows smoothly apross the steps as it should. If 
the metal coating is too thin orj the runs too narrow, opens may occur' 
at th(^^eps, causing functional failure.^ If t}\e metal, runs are tOQ> 
close together, 'filaments of metal may bridge the gap, causing short 
Circuits. The lumps on the metal do not detract from ^he operation of 
the circuit. The microscopic examination of the chip indicates that 
its geometries weif.e conservatively designed , so that yield problems ^ 
should not arise from this quarter. , 

•■ - . -y ' ■ ■' ' ' ' ■ . 

The cosft of t^he bimorph driver chips is $15.35 per packagejd circuit ^ « 

in lots of 1,000. "^ield data "were not available. Since thp Jpptacon 

uses 14. drivers, the^^ifost of the bimorph drivers is $215 per Optacon vs 
* ■ ■ 

$75 per Optacon for the silicdn retina chip. While yield figures are 
unavailable , ' it is reasonable to assume that if the t^Bnirph sy^em , * 
could be redesigned to lower voltages and ^o avoid ma^ive injection of . 
holes, the cost of the bimorph driver c!hips could Ye significantly 
reduced, * * ' , 

^ / 4-23 " ' ■ ^ > ... 
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4.1.7 Circuit Layout r * ' . • * \, 

The printed circui't bo^r^r. reveal -several minor def icienc^.es. 
4. 1.7.1 ■ Printed' Cljrcuits ' ■ ' ' . ' 



While the printed conductors- are separated sufficiently, maiiy o'f 

the printed board' notes are unacceptably cldse^ tp- the adjacent conductors 

and can be expected to short out many boards to bring down the PC bo^rd 

yield and therefore, force up the price (A case iii point 'is the "^2 IJORl" 
as shown) ♦ ' * ^ ♦ \ 




Military specifications do not pe'rtnit the sharp angles on conductors 
as used in the -Optacon, but req^re rounded edges. The* sharp angles 
relr%4Ee more stringent control in the etching- process anr^.are more suscep 
tible tia^s;^rosion-. ' L • 

4.1.7/2 Soldering ^ * 

/ Board design requires soldering ''on both sides /of ,the printed circuit 
^ This fact prevents fully 'automatic soldering, thereby raising* 



=^feoard 
costs. 



An unusual and costly method of interfacing one board to another 

is used for boards TSI-02001-007 and TSI-02001-001/ The' boards are 

connected by 18 metal '^'stilts" that are soXcfered to ^ch board* This , 

configuration not oaly f^kes costly manpower to assemble, but in order 

to repair most c5mponents on either board, the 18 stilts must be 

\ • ■ - • ' . ' * ^ 

unsoldered and resoldered after the repair. v 
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4.1.7. 3 Component Layout *, ^ ' ^ 

Socketisi dre usud for the KCA CMOS InteRrated Circuits (IC) and the 
Dual In-Line Packages (DIP) »* but not for the other DIP's or the transisr- 
tors. The socketH were probably used for the CMOS because of that logic 
family's susceptibility to damage during installation. The use of sock- 
ets- for the CMOS circuitry proves that spckets are acceptable; they 
sUould be used lor the other UlP's and some of the transistors. Sockets 

allow I.C.'s to be placed into and removed from the circuit without 

« 

soldering.* This feature would add very little initial jco^t to the in- 
strument and would reduce the maintenance costs ^involved in replacing 
components (a complicated process for some Optacon components as tnen- 
tioned previously). ' , . 

*A standard practice involving socketed components has been violated 
in the Optacon in order, to ease printeld circuit layout. 'Normally, when 
a number of components are aocketed in a groupV they ape referenced iden- 
tically to prevejit or ientation confusion in replacing the 10 (so it won't 
be plugged in backwards). Jioard TSI-02001-Q02 ignores tjhis conven-tion. 

The 24 pin integrated circdit flat packs used on Board TSI-02061-001 
acje difficult' to solder and would be simpler to install and replace if 
they were repackaged ipto a ^IP configuration. The leads on both of the 
flat packs appear to- lie un^eagonably close, to the conductor plane below 
them. Again a DIP is suggested or. a mo'diif ication in the printed circuit. 

Some of the dual inline packs T>h Board TSI-0*2001-005 are the ceramic 
packages (as opposed to the pias.tic packages used elsewhere). The*cer- 
amic packs h£\ve more rugged specifications dnd^ also have a higher price ^ 
' (up to twice the cost of ^ the plastic packs )-.'^ The ceramic packs are not 
needed in the Optacon but their Q^lijmination would only reduce* ' th^ ^o«?t 
slightly. . 

Ori Board TSI-02i001-005 a .IMfd capacitor h^^been "tacked" onto the 
board by soldering to legitimate board components. The printed ,ciVcui t 
should be modified to accommodate this component. 
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4.1.8. Power Bus" Noise * • ^ . 



It is A/ery important in the design of a digital electronic circuit 
(as well as analog circuits) to provide adequate filtering and decoupling 
of Che power bu^e^^Co mialmize sputioVs signals on these J.lne8 which 
could cause ImpropQr operation of the "system. Such spurious signals are 
common ly'^ref erred to as •'noise. *V This problem Is critical In hlgh**'8peed 
circuits where* pulses a few nanoseconds long can cause spurious operation, 
Fortunately'.'^the Optacon Is a low-speed circuit and uses lowrspeed digital 
Integrated circuits; consequently, the noise problem Is less severe, ^ 
Noise measurements were made on the power buses Of the^ Optacon bearing 
Serial tio. R507-0ri2.' The results are given In Table 4-;i..*The8e noise 
voltages are well Below levels which would be likely to cause malfunction. 

4.1.9 Maintainability 3, ' * ' ^ " 

Fleld/malntenance of thqi Optacon Is, very difficult because parts of 
the "circuit are Inaccessible for probing while the Optacon Is In operation 
It Is suggested that e:jtender cabl&s be provided so that the circuit 
boards can b« cohneqtc^ ahd^^ operated while removed from the Optacon 
housing, TBI has special jigs 'for testing the circuit boards, but these 
woulcf not reveiil a fault In the Optacon wiring harness. 

While it is conceded that certain major malntenaticd *tasks\ especially 
those involving ,tKe tactile stimulatots, are best performed at the* 
factory, minor electronic repalrs^, could easily be performed by ajiy 
competent electronics technician, jjlven a kit of tools , .spare parts, and -- 
the exteader cables suggested aboves. If Optacons come Into wide use and 
Blind users become dependent upon them in their dally lives, these 
users will not able to tolerate lon^g periods of down time, T4iQ ability 
to perform minor mafntenattce locally should not .be precludeci simply 
because som^ of the components are Inaccessible during normal operation. 
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Table 4-1. Measured Pov/er Bus- Noise oh 
-Optacon Serial No. R5i07-012. 



J- 



BUS. DESCRIPHON OF NOISE . 

.'fSV 30 mV pk. to pk., rep, rate twice 

master clock frequency 

-7.5V Positive pulse 110 raV x iBQi sec 

once every 4 m sec, which is the 
timing of the 0^ pulse. 

-19V Positive pulses alternately 50 mV 

and 25. mV high by Aps^c wide. 
Pul.ses« are synchronous Vith the 
0^ and 0^ shift register clock- 

pulses. 

^45V General \jash approximately 20 mV 

, • plus positive spikes of approxi-^ , 
• mately 50 mV spaced at 80 Msec. 



WHERE J£A5i!BED^^ - 

Pin 1 ot integrated 
circuit k\ 

Pin 7 of integrate^ 
circuit B / 



Measured at test 
* point V 

^ 8 



Output end of R14, 
a 22 Kilphm resis- 
tor 



^/'see TSl Inc.^ documentation, CivoniX Deeoviption <^f, the Optacon 
' Modhl R^IB^ 5 June. 1972. 
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^4.1 JO Documr^itation 



The documentation of the Optacon is satisfactory ; It includes de- 
tailed circuit and timing diagrams so that minor^field maintenance and 
testing can be performed by qualified technicians. Major maintenance, 
such as replacement of a bimorph require^ special ji'gs. This must be 
considered a factory repair., 

4.2 VISUAL DISPLAY • 

4.2.1 General Comments 

The design of the visual display is straightforward. The display 
is connected by a cable to the' Optacon during training sessi9tis to pro- ' 
vide a visual display of the tactile image being presented /to' the blind 
ufe»er., Several Optacons and the display can b<a slaved to a master Optacon 
bv means of interconnecting cables. The^ connecting cable and a,c. power 
line of the display are permanently attached and cannot b^ misplaced, 

4.2.2 Electronic. Design . 

The electronic design is straightforward/ and can be- thought of as 
a camera in reverse. Th.e display itself can be visualized 'as a g.rl,d of 
b wires representing columns and 24 wires representing rows. '"A light- 
emitting diode (LED) ik connected between a "column" wire and a "row" 
wire at 'each intersection of the grid so that wlien a "row" is connected 
to ground and a negative voltage is applied to a "column," the LED for' 
that^row and column is turned on. There are l44 such LED's. 

the display contains its own power supply. The primary power comes 
from the commercial lines. Since the display is normally used in clas^- 
rooms and demonstrations, battery operation is no*" required" and was not 

> designed into the unit. The unit draws a minimal amount of power from 
the Optacon in.to which it is plugged to drive two bimorph driver circuits' 

. which are used to scan the rows of the dispiay, A small amoun't of power 
at -7.5 volts is also drawn from the Optacon to power a CMOS circuit' *, 
in the display, . • 
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Ttjo bimorph driver chips .are used to scap the rc^s of the display, 
^one for the. odd rows, one for the even. A DATA IN slgVml, co'tisistingNof 
a negative pulse, is applied to the^ATA IN pin of both clsC^i^ts once 
ever^ clock cycle • The pulse 'eomes and goes while the "l" level remains 
on any^articular stage of the circuit. The corresponding tow of t;he^^' 
display grid is conse(|uent ly grounded for apprb^mately ll2 micro- . • 
second's (through a pair of external buffer transistors). Any LED on 

that row for which the column wire is held high- will light for 112 micro 

• 12 
seconds with a duty factor of slightly less than 1/25 . Column data ^ 

.ire brought into the display, via six wires. Each wire is coupled to a 

column grid wire^ by a pair of buffer transistors. 

4.2.3 Integrated Cir^duits ^ * . . " 

The display uses two bimorph driver chips identical to the ones 
ciescribed in Section 4.1.6. It also uses one commercially available 
CMOS chip.- ' . ; '^^ ' ' . • ' 

4.2.4 Documentation ^ . 

The docum^nfation is s^ufficient to permit field maintenance by 
qualified technicians.. ^ • . ' 



\ 



4.3 CASSETTE TRAINER , ^ 

The cassette trainer was not evaluated in detail becaus'ft only 
^ • M ■ . . .. 

relatively few of them are produced, and it is a training tool rather 
than a device to be used by trained users. • 

During a conference with TSI this evaluator pointed out the 
possibility of reducing circuit cqmplaxity in one part of the circuitv 
Most of the problems with the trainers have .been mechanical or electro- 
mechanical rather than of an electronic nature. 



^^Tbe frame periocf is 25 clock cycles, 24 for shifting the level 
through the, shift registers plus one idle clock cycle used for 
synch ronization^ 
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4.4 RECOMMENDATIONS . / 

4,4 J Immediate Changes 

The following changes are recommended in the present generation of 
Optacons: . ^ 



a. 



f • 
h. 



Shockproof blmorph pirts. Either make the pins of 
insulating material^r put insulating sleeves on 
thue bimorphs, * - , 



Seek a better packaging yield on the reti* 
A 50% rejection rate due to packaging seeiu 
excessKi'e. 



hips. 



Provide a- field mfetintenance kit including extender 
cables . . 

Redesign printed circuit boards to eliminate proximity ' 
of notes to circuits and sharp bends in circuits in 
order to increase production yield of circuits and^ 
to minimize potential hazards of shorts. 

Redesign boards so all soldering is accomplished on one 
side of Che board in order to accommodate fi^lly • 
autom.itic soldering. 

Eliminate 18 metal "stilts" connectJ.ng boards TSl-02001-001 
and rSI-02001-007, 

Use I.e. pockets throughout for ease of repair. 

Rep'lace 24 pin flat pack l/cVs with DIP configuration. 
Replace ceramifc package^ with plastic packs* 

Integrate the .1 Mfd capacitor **tacked" onto board 
TSI-02001-005 with printed circuit. 



4.4.2 Future Changes , • ' ^ 

The following changes are recdtoimended in any redesign of/ the Optacon 
. which may be undertaken the future: . 

a. .Correct the 'race" problem described in Section 4.1.^ 

* ■' ■. ■ ♦ 

b. ♦Use a self-scknned camera chip to reduce the number 

of wires ia the cable. l*t is understood that such 
a chip is planned for the next gerreration of Optacons, 

c. Expend further effort to reduce the voltage requirement 
and complexity of the bimorph array. This subsystem 
currently contributes' approximately one-third of the 
cost of the OfTtacon. 
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OPTACON ME^ANICAL EVALUATION 




The Optacon has been evaluated for its ability to withstand narm^l 
use and anticipated misuse. Anticipated misuse includes anticipated 
environmental extremesv ' • , 



5,1 .NORMAt^USE 

Operation of the^tacpn with respect to normal use was evaluated 
in 'the laboratory through xife testing. The results of the* life test 
are presented In Section 7. 

Forty-six Qptacon units were^>^ced in various schools for the blind 
and op^erated by the teachers and stud^n^s. /The results of these field 
tests are presented in Sections 2, 8 and ^ 

In general, the operation of the QptaconNj^nder'' laboratory life 
testing indicated that the units have a long lif eNexpectancy . However , in 
field testing, the failure rate Cmean time between tailure-MTBF) was » 
approximately 41 hours (see Reliability-Section 8). These facts suggest 
that the Optacon is not '^ruggedized" for careless handling. 

Forty-one hours mean time between failure is not considered accept- 
a\iQ for this type of instrument. If this figure is te^listic/some - 
re\sign is required to improve the reliability of the unit under normal 
use o^nditions. 

(lajor problem in normal use is the sensitivity of the vibrating 
k \ , ... 

reed array to wear and to«foreign matter introduced into the small reed 

openings \ THis is a result of normal cox^Jtact Vith oily and dirty fingers 
"of the use\-. ^ 
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Another major problem associated with normal use has been stripped 
camera ''thumbscrews, A review of the thumbscre{> design indicates not 

r enough thread engagement for 'reliable operation. It Is* recommended that 
tVie thumbscrew be replaced by a commercial apring clip for increased 
reliability and lower cost. 

A number of failures occurred during field testing. The service 
records indicate th^t the units had both mechanical and electronic fail- 
ures. No one unit had the same recurring failure, but some units had 
more than- one failure. 

The mechjinical failures listed b^low occurred during.Tield testing. 
These failures were not attributed to abuse or misuse but were considered 
as failures during normal use. The failures listed in the field reports 
iriclude;^ * 

• Stripped thumbscrew 

^ • Bent stimulatdr pins ,^ • , t 

f^Loose camera brackets . 

• Loose camera mirrors ^ . 

• Loose control knobs 

• Loose ^mirror brackets 

• Loose camera zoom button, 

• 5.2 ANTICIPATED MISUSE 

* • > 

The Opta^ion field rests- indicate that the Optacon is not as rugged 
or durable as desired*. Also, the unit is not adequately designed to 
withstand nuisahce type failures. 

Recommendations to, improve the Optacon's ability to withstand anti-- 
cipated misuse are as follows; 

• Housing should be fabricated of a high -impact, energy absorbing 
plastic, 

^ ■ . . »> . , . 

• The present. Oppacon is heavy. Reducing the weight of the Optacon 
would improve its ability to withstand falls. 
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The lens retainer should be redesigned to provide a positive 
lock on the letis elements to withistanci shock loading.: y 

A stronger adljesiye shouid^e used to cement the mirror to its 
mount. The present epoxy is not strong enough to w:j.thstand 
shock loading. * . 

The camera cable should be reinforced. It should b« spring-coiled 
to reduce its normal length and make it JLess prone to sharp 
bending and accidental snagging'. A stronger cable s^train relief 
at both the camera and Optacon ends is desire3\ 

A removable cover plate should be designed^ for the camera to seal 
the optics against dust and moisture during storage and carrying. 

Rubt>er feet should be added^ to the chassis to lessen chances of 
sliding. off a table or otlfier surface. * * 

The leather carrying case has protrusions that are susceptible to 
accidental sp'agging on 'foreign objects. A smooth surfaced 
carrying caye should be provided. , 



5.3 ENVIRONMENTAL TESTING 



The Optacon 'wais' tested under various environmental conditions to 
determine it^s ability to withstand extreme heat* and cold, low pressure, 
mechanical* shock, vibration and thermal shock. ThiB test procedures out- 
lined below cover the specific details of ,t,hese tes-ts . A summary of the 
test results and recommendations is^ presented in a latter section of 
this report. . x 

Prior to proceeding with any of the test methods, the test item was 
operated under standard ijmbient conditions and^ a record made of factors 
necessary to determine compliance with the required performance. The ^ 
test data include identif^ptetion of ^est^ equipment and access^ories as 

well as the actual test s^quehcii. Test conditions we^*^ jfecorded perio- 

. •* ■ ■■/■■- 

dically during the"* test .perrt)d. ^ 
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5.3. T AltttOde Test . _ 

5.3.1.1 Purpose . * 

The altitude test was conducted to determine the effects of reduced 
pressure on the equipment such as would-be encountered during shipment 
in airplanes or operation at tiigh altitudes. . <- - , 
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5.3.1.2 Procedure . . * . ' 

The. equ ipmen j: was placed in an altitude chamber and the pressure 
lowered to -30m. itg or 260,000 £eet above sea level. The reduced pressure 
was held for one hour. The chamber was then returned to normal pressure 
and the Optacon opera-ted and inspected for damage. 

5.3.1.3 ResultM / , 

N i t mechanical or electrical failure occured and the Optacon 



satisfactory performance ^fter the test was concluded. 



5.3.2 f« . ,^erature Test * 

5.3.2.1 Purpos e. ^ \ 

This test was conducted 'to determine the resistance of equipment to 
elevated tqmperatures as may be found either 'in storage or under severe 
service conditions. \ ^ 

5.3'. 2.2 Procedure - 

The Optacon^ .was placed in' the temperature chamber and the chamber 
temperature raised to 160° F and held fbr 48 hours while maintaining the 
humidity at 15%. After 'the elapsed time the chamber v)as cooled tio ambi- 
ent and the Optacon was allowed to cool. Af ter cool4.ng 'the Optacon was 
operated and inspected for damage. 5, - . 

" ■ ■ ■ r, - , ■ ■ ' ■ . •' '-^ 

5.0.2.3 Results \ 

, After A8 hours of exposure to 160°F, the Optacon suffered no apparent 
mechanical or electrical failures and was judged to be in satisfactory 
working oVder. ; r 

. /. ' \ ; . ■■ . r . ' . 

5.3.3 Low Temperature Test ' 

5.3.3.1 Purpose , ' , - 

The purpose of the low temperature test was to determine the. e&fects 
of' low temperatures upon the equipment 4urlhg storage or transportation. 
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$ ; 3 . 3 . 2 Procedure 



The Optacon was placed. in the temperature chamber and the tempera- 
ture lowered, to -30° F and maintained for 24 hours. The chamber tempera 
ture was then alloi^ to rise to'^amblent and the Optacon was given 



sufficient time to^reach ambient. Tl]e Op t acSa.jwas then operated and 
inspected for damage. 

5.3.3.3 Results - ' , 

• ■ , . ■ . ^ ^ ■ .. ( ■ • . 

The Optacon experienced ho failures during this t^ST^and was in 
perfect operational order afterwards. • 

5.3.4 Temperature Shock Tests 

5.3.4.1 Purpose . , . 

This test was conducted to determine the effects upon the Optacon 
of sudden chcinges in temperature of the surroumling atmosphere. 

5.3.4.2 Procedure ' * - 

The Optacon was placed in the test chamber and the temperature 
raised to 75° F and held for two* hours. Next the chamber temperature 
was reduced to -iO^ F and held fbr two hour$. Finally the chamber 
temperature was again raised to 75° F apd held for* two hours. At the 
conclusion of the fir^^T^est, the chamber temperature was returned to " 
ambient and the Optacon given time to cool. After cooling, the Optacon 
was operated and inspected for damage. , 

5.3.4.3 Results ' 

The Optacon suffered no failure as a result of the test and opera- 
ted perfectly afterward^.. 

5.3.5 Vibration Tests 

5.3.5.1 Purpose ' ' ^ 

The purpose of this test was to simulate ^t^ae vibration likely to be 
encountered during unit shipment and to determine its effects upon equip 
ment operation. 
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5.3.5»2 Proce^dure 

The Opt^con was secured to a vibration table and the vibration level 
set to^simuiate the conditions onboard a p|:opeller driven aircraft. « This 
vibration ievel was maintained for four hourg. At the test's conclusion 
the Optaccin was operated and inspected for damage. ^ 

5,3,5,3 Results 

The' Optacon suffered' no damage during this test and was in s^tis- 
factg^' operational order, . 

5,3/6 Mechanical Shock Tests 

5.3,6,1 Purpose , 

^ . ' '♦it . 

The shock te^f simulated medium impact ; loading which may be!" imposed 

upon the Optacoq during shipping and handling. 
5 • 3 ,6 . 2 Trocedure 

The Optacon was7^3feced in normal position on a blench, ajjd using one 

edge as a pivot, ^Jjfe uni^t wa^ tilted un^l the opposite edge' was at 45'' 
with the horizor^tal or four inches /whichever v.came first. The iinlt was 
then allowed to drop freely* to the horizontal. The test was repeated 
using the other practicable edges of the same hor\2ontal face as pivots 
for-a'total of four drops. Then the ynit was turned upside down and^the 
test procedure repeated. At the concluSionT of the eight drops, the 
Optacon was operated and inspected for. damage,- 

5.3.6,3 Results , " 

.The Optacon was not damaged by this test and operated perfectly 
afterwards, - * 

,5.3.7 Recommendat.ions 

T^e Optacon has withstood thp various mechanical tests very well 
indicating all materials and/ components used are capable of withstanding 
anticipated environmental extr«mes. In view of these resul'ts we have 
no further recommendations, for f^^tijroved design features with regard to 
withstanding anticipated environmental extremes. 
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6. PRODUCTION GDSTS 



^.1 GENERAL ANALYSIS 



The. principal sources ptpduction costs are the product specif ica-^ 

tions and the manufacturing procedures . Th^se Itemis are interrelated, 

" " ■■ ' . t. . ■ ' 

A change in specif ication^ can affect the cfest of prodijction. Instruments 

' ^ ^ ^ . - . ■ ■' ^ 

such as the Optacon require^a great deal oft. effort to minimize the pror 

duction cost. The discussiorivbelow indicates - potential areas of cost' 

reduction. ^ * %. 



6.1.1 Praduct 



' Spec 1 f i ca t T on .^^^^y/ 

Manufacturing costs related to product specif ications Br;e vfiumerOua. 
Specifications affecting costs include tqlerance, finishes , mateMalS^, ■ 
fasteners , surf ace emb^^llishments and the use of standardized component^. 




6.1.1.1 Tolerances * \ ' 

Precision components can be difficult knd expensive to manufacture. 
^ They require additional set-\ip time to machine , slower machining time 
and costly' inspection' procedures to determine whether the tolerances are 
being- held^ Tolerances on^^l diraeffsions should not be more restrictive 
\tban ±.01 for Ipw cost machining. A toleraflce of ±.005 is good practice 
for items ' that require dimensional cotit^l or lend themselves to madhin- 
ing' in accurately controlled jigs,:. holding fixtures or numeric controlled 
equipment; The tolerances specified on the Qptacon drawings %te normally 
•f.OlO and'v^+.OOS. These are considered good engineering practice and are - 

•not over-restrictive dimensional control^ Examples of restrictive 

• - ^ - '* ^ . . ' ■ 

tolerances which can be opened up are not*ed as follows: 



Drawing j 

R11004-A Contact. Button 
R10Q19-A Leaf Spring Contact 



Dimension 



Headheigjjit of .005 + .( 
Radius .325 + .000 - .002 
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RllD18r-A Slidor iilock 
Thumbscrew 



Slot Depth •035 t .000 (Impossible) 
Engagement Len|»th .313 + .002 



b . 1 . 1 . 2 Surface f Inislics • . „ 

^Standard m^ichining prac tices ^prov^de acceptable surface finishes on 
most items!* with the exception of such operations as shearing, stamping, 
saw cutting and rough machining. - As ^^result, a surface finish of 63 
«licroLhches can be specified on any component? us^ed In the Optacon with- 
out incurring additional production cost. The specification of-a 63 
mlcroinch surface finish is accepted as a cost and quality control opti- 



mization. 



b.l.l-.3 MatOrialH ' . v - ' 

— , ^ , ^ ^ . , 

Optimization ot production" costs dde to materials is based on the 
utilization of the most readily avallab1:e mat.emai in- a 'configuration 
of minimum acceptable weight. MaA^rlals used p.n the Optacon include 
aluminum, brass, nylon, glass, andSacrylOnitrile Butadiene Styrene(ABS) . 
These are all readily obtainable, low cost, and easy to machine. The 
^part configurations are- such that a minimum weight is used. Production 
costs due to 'Inater ials on the Optacon have be^q^ well optimized. The 
oaly further reduction in costs -that could occur would be if some of the 
components si^ch a6^ tiij^ chassis base, were molded out of a plastic instead 
of^abiricated^^^om. alum'inum. A slight savings in materials and fabri- 
cation cosjfs v/ould reSiUltr 

N ' ° 

' • ■ • 

b.lylTsA Fasteners 

* Fasteri'ers can add significantly to production costs. The!' most 
effecttve*op£inif2ation of f as teener, ^osts is to reduce their 'number . 
' Elimination of fasteners not only saves material costs but lessens fab- 
rication costs- by reducing the number of holes drilled:-and reduces 
assembly costs Jjy -reducing the time required to assemble components. 
The Optacon ContVijis a number, of fasteners that could be eliminated. 
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In particular the number ol fasteners used in the camera could be sign!- 
ficantly reduced by using molded camera components. In this way many 
parts could be combined into single elements. Likewise several of the 
chassis screws could be elimlnat'^^lt^Jjjj moldiiKg the chassis and cover. 

6. 1.1. 5 * Surface Embellishments > * 

Additional production costs are incurred when secondary surface 
treatment op*?ration«^ such as rounding corners, painting, anodissing^^ aBd 
polishing .are performed. The Optacon has Various parts wliich have be6n 
treated /in the^ above manner^ for example, the chassis and cover and the 
camera housing are all*of antodized aluminum* The uses of such surface 
treatments in* the case of ' the Optacon h^ve not been found to be excessiv 
There is a definitt* need for all apparent surface embellishments on the 
Optacon par/fes ^and the additional production costs are not severe as hone 
of these treatments i,s very costly and they are used only on a minimum 
nunibe^of parts. ^ 

6.1.1.6 Commercial Parts * , 

? • . • . 

Substantial savings in fabrication costs can be realized if off-the" 
shelf commercial parts are substituted whenever pos^sible for in-house ^ ^ 
fabrication. Coinmarci\il -yendors can produce cheaper parts bec*9use -of 
their large ^lume ptoduction and specialized tooling and machining 'tech- 
niques. The Optacon possesses numerous commercial parts, such as. the 
m^'^ortt^'of electronics components* Aside frotn fasteners, the mechanica 

ttomponents are all custom^f abrications , and : there are only^a few places 
where commercial parta could pe used. These include the control knobs, 
the camera thumbscrew anJ t\/e battery clamps, 

6.1 .2\Manufacturing^ 

Manufacturing costs are dependent uponvthe type of tooling and fab- 
rication techniques us£d-.\ Tooling and fabrication techniques are in 
turn dependent lipdn the. production volume. Small volume production 
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• ' «. 

V • ' 

• ... 

i!aimot Justify udaborate wtooling or the-use of specialized fabrication 
techniques^ such as a stamping process. T;;he Optaqon production, with its 
projected volume of only i5 units p^r month and its involved assembly • 
proc^sdures, does not lend* itself to low-cost prodl(^ctlQ^ procedures. 
However, cost'savings can be realized using special' purpose tooling 
and arssembly fixtures and by reducing the number of component parts. 

' ' » ■■■ ' • ^ ■ ' 

6.1.2.1 Tooring ^ ♦ ^ 

<^ • . 

Special jigs and fixtures can be used to rapidly load and unload 
parts during machining and to provide autj^omatic dimensional control. 
The Optacon,^*©^!}, with a production rat6 of 25 a month, can make use of 
such tooling to* lower production costs. The use of jigs and fixtures 
can*be justified tor fabricating the chassis^ and cover, Che camera parts, 
the electi;-ohici PC^'ba^s, and especially the stiftulator array Special 
dies* could also be justified to cut out t?he leather case and to stamp, 
ouf , light metal parts such as the contact springs .in the camera housing.. 

6*1.2.2 Castinja^s a^nd Moldings , • ^ 

Cast and molded parts are ^nerally 5;Ch^frer thani machined parts 
because many pieces can be produced at ane^time and practically no material 
isiwasted. Production volume does not have to be large as the tooling 
can.be made to accoinmodate a minimum number qf parts. The Optacon con- 
tains several parts which could be produced more economically by such 
processes. For example, the chassis and cover could be of molded high 
itopact. plastic. Likewise- the camera housing could b? made qf molded 
plastic and perhaps the optical lenses could be of molded . acrylic instead of 
glass. Finally the stimulatjDr finger plate could be of molded ABS. 

• • .»'"..■. 

4.1.2.3 Stamp 

1 



n^ing^ 



Moderate numbers of thin metal'- parts can be ^economically produced by 
using a stamping process. Parts can be produced complete^, wiCrt holes in 
one operationj{^^T^/en^ specially shaped holes jcan Jje* stamped. Several 



components of the Optacon are amenable to ^this process, ^'^^ include 
raany of the stimulator pieces and the front atid rear cover plated <\fid 
tlie contact springs in tKe qameral 

b.l.lA Special Machines . . 

The use of specialized production machinefy can.be justified • Such 
equipment as automatic s'crew machi^nes. Numeric Controlled fNC)- milling 
machines, and turret lathes are valuable in reducing costs on production 
volume as low as 25 per month. The advantage of these machin^es JLies in 
their ability to' provide rdpid metal removal and dtmenslpnal control of 
parts.- Several of the Dptacon parts can be produced by «n automatic 
screw machine and the holes in the cover and the^ chassis can be gang 
drilled, Likewise, the various standoffs for the PC boards and several 
of the control knobs can also be^pi^duced "by such equipment. Since the 
Optacon has only a f ew^ parts .amenable to such production ^techniques, \, 
the production cost savings will be sipall but still worth going af.ter 
for ultimate cost optimization.^ 

6.1.3 Assembly . 



The major contribution to producbiron cost is the assembly, labor,. 
iThe amount of labor involved depends upon Yl^e following factors:/ 

• The \type of production, line used; 

• The use of special assembly machines arid tooling; 



• The number of pieces to assemble per unit; 
• 



The difficulty of assembly; 
• The amount of testing required^ ^ * • / 

Examination of the assembly procedures of the Optacon can result^ rust 
savings as this device lends^ itself -Ho several cost saving procedures. 

6.1.3.1 Production Line , 

Hith the producticm rate of 25 a month, an automated production lint 
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would not be economically feasible, Jiowever , a multiple station assembly 
^•lihe would be feasible, Various sub-assemblies like the PC boards, 
stipulator array and camera could be individually assembled and then all 
parts brought together 'for f ina! assembly and testing at the appropriate 
time. • With a multiple station 'arrangement , workers could be trained to 
assemt|(le each component i-n Che most .eff icient manner with a •resulting' 
cost savings. 



6.1.3.2 Assembly Machines and Tooling 

'The uSe <3f specialized assemljly machines, fixtures, and tooling caa'^ 
Have considerable co^ts. These devices make asgembl7^much--easj^ for 
the worker and consequently increases his productivity. The Optacon has 
several sub-assemblies which would be amenable to specialized tooling. 
These include the PC boards, the electronips and especially the stimulator 
array. If specialized ^tooling can be, found for the stimulator array, 
-oduction costs could be substantially reduced. A large part of the 
'total productidn 'cos ts of the. Optacbn lies in the assemb-ly of the elec- 
tronics and stimulator. The use of special solder tools. Jigs and, minia- 
turQ tools can provide signifijcant cost reduction in the assembly of 
these components.. ^ ' 



/ 



6.1.3.3 Number of Pieces 



The OptaconXconsists of a large number of individual components 
vhichmust be carefully assembled for reliable operation. A reduction 
of- the number of pieces would be economically advantageous and would provide 
greater reliabil|:ty . Much of the electronics can be reduced by using ' 
integrated circi/it technology with mina^ture, specially designed, circuity 
chips that replace numerous standard components. The stimulator array , 
also 'consists of a large number of tiny and delicate parts which are 



difficult to assemble. Reduction of the pieces in the stimulator array 



is hot easily accomplished. A complete redesign would have io be done, 
requiring an extensive development program. 
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"6.1.3.4 Assembly Difficulty ' \ ^ 

Production costs are greatly influenced by the difficulty of assembly 

l\irts which are 4,iffi(;:ult to mate because of poor design, or are small 

» - . . . 

and delicate, require Ihore 'time to assemble than larger parts. The Op- 
tacon contains many parts Which present difficulty in assembly. The 
stimulator array is a good Example. Not only are , there many parts but 
eii'ch onje is rather small and difficult to put toget)\iBr with ordinary 
toois. the use of special jigs and assembly tools should aid immeasurably 
in simplifying assembly. 

Otln^r* »areas in which assembly Is difficult are t;he camera and the 
electronic wiring. Assembly Trf^ the camera can be simj)lifi6d. Consoli- 
dating fhe number of\> p ieces^ by using plastic^ moldings will reduce |he 
-number of fasteners and will simplify -optical alignment. 

• . • ■ :. • ..-^r ■ , ^ 

\ ' ■ ■ ■ B- 

* ■ . ' ■ .'*,*■ /t 

6.1.3.5 Testing . . ^ ^ ^ * 

As an instrument becomes more complex ^ the amount of testing to 
ensure reliability increases. The added coi^t .due tq testing can be 
redticed by more reliable assembly techniquesy -^equiri^^ tighter quality 
control-on^cpmmercial parts, and by simplifying asjembly. The Optacon 
^requires significant amount? of te^sting to ensure reliability. The* use' 
of assembly jigs and machines can increase reliability pver manual tech- 
niques of assembly and tighter - requirements on some of the electronic ^ 
parts supRlied^by vendors can alsfo increase reliability. xAt the present 
time, many of the^ electronic components' do not it^eet specifications and 
must be, tested before^ assembly. Fewer .^assembly mistakes such as incor- 
rect wire connections can be expected if the assembly were simplified by 
reducing the number of parts." - * . . , " . 
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6.2 DETAILED^ ANALYSIS • ' 

f » \ I A. 

A detailed review of the mechanical hardware of the Optacon has 
bee«^ade. Cost saving recommendations for each part are given below, 
and they should be used as a guide in the production of future ur^ts. 



TiV2.1 < Detailed Part Review 



rhe following is a part by part analysis of the Optacon with speci- 
t ic recommendatipns to lower , production costs. 

I\'irt V . h 



1. R-i Cfict^Jsis Base 
(RlOOil-A) 



The toleran'ces on some of the switch 
mounting holes should be loosened. 
The entire housing could be molded 
of high impact plastic, saving fab<^ 
rication costs, eliminating some 
fasteners and consolidating the 
chassis bulkhead into the chassis 
base.' 



2." R-1 CtVassiii. Cover 
(RIOOIO-A) 



The cover 'should be made of molded 
high impact plastic without over- 
lapping sides to simplify design. 



3. R-1 Chassis Buik,head 
(R10012-A) ^ 



This- piece should be molded integrally 
with* tlie chassis base, saving, assem- 
bly and fabFicatj-on labor. 



4. Clamp, Battery — Mod 
(R11023-^A) a 

3. Namepl'dte-^Front 
(R10007-A) 



No change re*commended. 



The front namtfplate, should be molded 
integrally into the plastic chassis 
with raisTsd lettering. If a metal 
nameplate is desired, a cutting die 
should be used to punch out the 
plate. » 



6. Rear Panel, 
V (R10008-A) 



i^o ^change tecomme^ided . 
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7. rhunfbscrev Anchor 
(R12002-A) 



This part should be replaced with 
a commercial spring clamp. 



8. Thumbscrew Holdown 
(O2040-*P-A-B) 



This part should also be replaced with 

a commercial Bpripg clampt flachinin^, 
' ,a spring pin and threaded hp Id in 

the camera housing woulii be eliminated, 
^ A more mechanically. reMabl^system 

would result • 



9. Clamp, Array 
(R10009~A) , 



A stamping should be used to lower 
cost-s "Over manual cutuing methods. 



iU, Stimulator Control Rnob 
(RUOOl-A) 




11. Casing 

(R 1001^- A) 



/ 



ThiXs^ustom fabrication should be 
replac>^^by a cheaper molded ^plasj?:^^^ 
t^ic coW^cial pbinter knob. A 
custom molded knob would also, be 
cheW^r. thala, a machine^ knob. The 
new Vn^b should have a^ keyed hole 
^..vto fAt ovei^ "a keyed sTiaft. Only 
>OtTe sVtscrey is tteeded and the knob 
will operate even with the setscrew 
loose*** The setscrew* should be., 
coated witli a sealant like VM-.o(!klj te 
to prevont loosening, / 



A cheaper plastic molding should, 
bemused for this* part,. This would 
allow consolidation with the Uayo- 
net sleeve. ' " ^ 



12, I.caf Spring Contact 
' , (R10019-A) ^ 



The leaf springs shoulxl be economi- 
cally produced by using the stamp- 
ing process. , 



13^ Recep^tor Case 
(R110fO2-A) 



Thi-s part should be ol' molded plas- 
tic with integral locking elements, 
saving fabrication and ^^sembly^^ 
costs. • ' 



lA. Sensor Mount 
(R11003-A) 



iJ5. Contact Button . 
' (RU004-A) 



ltf.\24.9 MM /tchromat hens 
(.02079'-P-*A-A> ^ * 



A t)lastic molding should be used 
to save fabrication^ costs . ' 



The tight tolerance on the head- 
heigl^t sh^iuld be eTiminated as the^ 
nvating contacts are sparing loaded. 



No change recommended • 



17. Locating hug 
(R11005-A) 



6' 

%. 



lb. Retina Cover (;la.s.s 
(R11007-A) - 

19. Mirror Mount 
(Rli009-A) 



This part can be eliminated by 
molding locking elements i^to the 
Receptor Case. 



No change recommended.* 



The mount should be integrally 
molded with the base block to 
reduce fabrication co3ts 'and to 
eliminate fasteners and alignment 
problems. 



20. . Roller 

(RUOU-A). 



2'!. B'ayppet Type Sleeve 
CRl4)li-A) 



22. Leaf Spring Mount 
(R11014-A) 



23. First Sfurf ace Mirror- 
.(R11017-A0. 



No design changes are recoramen^i^j 
but this part should be produced 
on automatic screw machines to _ . 
lower fabrication costs. 



This part should be integrally 
molded into the plasfic casing td - 
reduce fabrication cost by elimina- 
ting fastejiers and assembly time; • 



Again^HTs^^^rt -should be- molded 
integrally with the plastic 'casing 
arid bayonet sleeve to reduce fab- 
rication costs by eliminating two 
fasteners and assembly time, * 



No 'Change is recommended Jor the 
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24. 



::5. 



Zoom Slidfer 
(R11018-A) 

* 

Zoom Button 
(R11019-A) ) 



J7, 



Schott Filter 
0111020-A) 

Lens Retainer 
(R11021-A)- 



!8.' l.ens Mount' 
(R12003-A) 



2y. 



30. 



'31. 



32. 



Front- Roller Bearing Block. 
(R12004J-A) 

Rear -Roller Bearing Block 
(R12005-A) 



33. 



34. 



Lens Spacet 
(02061-P-A-A) 

Base Block 
e02063-A-A^4) 



Sftrairt Relief Clamp 
(02101-R-B-A) * 

front. End, Block 
(R11013-A) 



V 



mirror, but a $tronger shock and 
heat resistant ^poxy should be ^^^"^ f 
used "to fix the mirror to its 
^ support, 



A molded n^lonp piece is recommended, 

.Q- ■ 

The button should be made of molded 
nylon to reduce costs^. 



No change re^commended. 



This part should be redesigned- of 
molded plastic to snap solidly 
into tfte lens mount to reduce fab- 
rication cosfs and ijacrease relia- 
bility. . . 

V 

The lens mount should be molded 
integrally with the same slider. 



No chsinge recommended. 

^^o change r^comm.ended. 

A molding or stamping is recommended. 

A plastic .molding integral 'with ^e 
mirrot mount is recommended. Some 
of the tolerances must be loosened 
for a moiled part. 

' " . 

.A plastic molded ^art is recommended. 



The front end block should be 
molded integrally, with the. base 
block to save costs. The tapped 
hole for the thumbscrew should be 
eliminated by using a commercial 
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yj. Dust "Cover 

(02031~P-B-A) 



ib. Vinyi Cover 
(R100i3TAf 



j/. Top Plate 
(RlOOl-A) 



38, Spacer - 
(R1.002-A) ' 

39, Stimulator Mount 
, (02032; P-A-A) 

40, Pinger Pl^ite 
• (R12001-A) 



. I . lilmorph 

(R14002-A) 



sprii^^ clamp to hold the qamera. 



A stamp(M metal covef' would be 
ideal arul\should be used t5 save 
on fabrication costs. ^ / 



The Polyvinyl Chloride (PVC) should 

be die-stamped to exact specifications 

in one operation, Saving fabric^- 
tion costs. 

A molded plastic plate should be 
used to lower fabricaition costs. 
Tolerances on the rectangular 
hole appear oyer-3f^cif led . 



A stampej] spacer is recommended. 



A stamped part is recommended, 



A molded ABS^ part is recommended tcJ 
eliminate the extensive machining 
<;:ost involved in the drilling of 
the 144" holes. 

A r^eslgn;of this element Is 
desirWble to eliminate the delicate 
fabrication and £fssembly procedure^ 
presentily requited. Advances in 
the 'State-of -tliQ-ar t are requiifed. 



6.3 PRODUCTION COST -ESTIMATE . , , .* 

A reliabTp'^aosf estimate for the Optacon could not be obtained bv 
FIRL. the prirjc\pal reason is that pnrices on specific electronic^ hard- 
ware could not ^be obtained.' Also, a detailed estimate of* the assembly 
time, assembl^'procedures,^ and quality control procedures is i:)ecessary to 
deVc^lop a E^iriable estimate,*, This information was not availafele to I IRL. 
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Acceptable cost estimates on some of the components were achieved. ^ How- 
ever, these items do not constitute a significant ^portion of the total 
cost. Approximately 2/3 of the production cost is, attributed ^to the 
cost of special electronic components and assembly of the stimulator ^ 
array. Without reliable cost estimates of , -these? two major items, a 
reliable cost est>*{nate cannot be obtained. 

• A field trip was made to the; production facilities fot the Opt^con. 
A review of the available drawings was also undertaken. In general it * 
is estimated that a cost of $3500 to $4000 per unit is reasonable and 
reflects to a large extent man hours required to assemble the unit. Any 
effort to lower production costs must concentrate on redesign of the 
component parts to simplify assembly. 

6.4 CONCLUSIONS -AND -RECOMMENDATIONS ' . . . . 

in reviewing the mechanical design of the Optacon, we feel that 
extensive effort has been made to minimize production costs. Production 
costs c.an be"* lowered by using molded plasti^c parts in the qamera and 
housing and by using stamped metal partsf' whenever possibl*^. The savings 
resulting from such procedures will be ho more than 10% of the production 
costs. Fully 2/3 of the production cps/ts lie in the asseml?^ of the 
'Stimulator and in the electronics. AnV effort to substantially recluce 
production costs will have to deal witih .i^these areas. 

As a result o^VcuH^ analysis, of l/roduction costs, the following recom- 
mendations are made to redude costs./ 

• Molded plastic pWts should/be used in the camera and. housing and 
metal stampings used yherev/er possible. 

• A major development effort/ tb simplify circuitry and the stimula- 
tor array should be 'starts 

• The production rate should be increased to allow the usfe oiE more 
Wphisticated tooling, f^xturing and aufomated assembly devils. 
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7. .LABORATORY LIFE TESTS • ' ' ; . 



4 * 

I^abof'atorv lite tests W(?^re conduc'ted oa four Optacons,. four Visual 
'Displays and one jCasset'tc* trainer Th^se*t'ests were de.si^gri"ed to simu- 
iaLo actual usu patterns and to compress the time scale in such a manner 



I as to realis'ticairy s i mu la c e ^ exEen<^d^sage in a manageable period of 
t imt'. Steps were, taken to ensure that^ critical components .were vigor- 
i)uslv exercised under usim" OonditionsY ' ' . ^ ■ 

7.1 TLSf RATIONALE AMD PROCEDURES^' , ■ » . ^ 

i ■ - . - ■ ^ > 

A special j ig was designed to hol-d and maneuver all four Optacon 
^■amera?i; in a 'manner s i m i lar. to ac tuci^l use. The jig 'caused Jthe cameras ^ 
.Lo . tont ij:iuously move back and for th, across a samnle ^page of printed 
material with a downward prassure designed to. emulate a human operator. 
.„^1t%4s meant that the rollers were properly' operated an4 the cair^ra was . 
preseh<ed with actual letters which in turn operated the elecl^onics in 
4 real^s^ense. Sample paper was per iod iWilly. changed so that/dif f erent 
electrical pathways were exc;ited. ^-f i gure^^^ZJl^sltowa.. the teit set-up'.t 
Note^the ".t ixigt>-P>v,fS laced over the b Lmorph stimulator. Tiguife 7%2 shows • - 
the casting used /to make the simulated, finger! the material (RTV) was 
chosen for its/reasonable representation of the texture of human flesh 
Jhd'the wel^Mt of a finger. " ' 

^led records ol operation were generated daily. Weekday schedules 
include^/ shelf sToraj^wl th' no charging from* 9:00 AM to 1:00 ^PM, Tracking^ 
Life Wst ,f rom 1:00 PM to 5:00 PM witli no charging and Tracking Life 
,'TesyCith charging from 5:00- PM to 9VQ0^ Am. The Weekend schedule was a 
co/tiriuous operation with charging. Daily, (weekly and monthly tes't . 

rocedureii were carried, out. Daily Tests, were -performed Mdnday t'lrou'^h 
■rid^y at 9:00 AM. When weekly and/or monthly inspt^ctions. wdre due^ -they 
were ^also performed at 0:00 Ar!. Uaiirs of ap-i^ratlon in various modes yitli a 
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,<'omments was rA?cordetJ, Records were kept of comments directed at 
spci: If ic units.. . 

e ■ 

. 7 .2 LIF£ TE.5T RESUITS . ' 

The Optacon and Visual Display life tests' were continued for approxi- 
mat^elv 100 days* The Optacons were operated on battery power for a total 
i>l 27a hoars and on. the charger^AC adapter for 1899 hours* The cameras 
wen* scanned across the printjcd paf*e^at a rate of 6 Inches every 5 
si'conds for a total of 209*5 miles* 

A sp^H'lal electronic bench. test unit was purchased from TSI for 
testing ind Ividual stimulators to determine whether coupling exists 
l)i»lween adjacent bimorphs. Coupling; did in fact exist; however, TSI had 
ilready isolated the problem and subsequently recalled all units for 
repair* .Tighter quality control ha^ minimized the problem* 

Ihe Cassette Trainer^was operated for a J;ptal of 913*5 hours* 
Taiiure was the result ot the tape cartridge's stretching to the point 
where U no. longer wound tigjit* 1 1 eventually ** looped*' around itself 
J ad bound up* 




When units ceased operating, the l/attery voltage had dropped to 
J*U ^\*2 VDC* Normal operation possible at voltages above this level* 
All batteries, after extende^^usage , failed during the 4 hour pejriod 
when the Optacon waw t;rai;lci1ig on battery* As calculated in Section 2 




uation) of this report, thV batteries can be expected to last • 
undi^r normal usage and proper-re-charging* ^ ^ 

G®MMENDATIOtf 

LaboMt^ory Tjte ■ T reflected an e^ielJent performance record tor 

the Optacon. The lone problem\encountfered was battery failure* As 
^ \ further study shows in this report, battery performance is acceptable. 



Nuisance problems such as an occasional "squeaky^* roller are' deemod- 

:ed t 

9S 



minor. However, it should be noted that the Laboratory Life Test^ did not 
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;.ubjcct the equipment to the mechani\al jshocVs, it receives in,.the field. 

Other sections in iflis report higlilight ;f'ield reliability prWliims. This 

' implies that although the "equipment is highly reliable when operat^fi under 

t ', . " ■ 

idea^l conditions and with cari^ful handling , service calls are necessitated 

( . ■ . 

is :\ result ol the rulativcly rough field hajndling, 
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C. (^ELI'ABILITY 



3.1 METHODOLOGY ' " ■ \ ..' ^ "J 

,j '■ ■ '•■ ■ , >. • ■ ' 

This evaluation consisted of an experimental rffeterminajtitin of the - 

mc-aif-ttme-bet,ween fiiilufes (MTBF) , baSed 6n data r^cei^ed frilm the life 

test and. from the educat i.on -evaluation contractor •equipment. ' 

/^A thorough reliability 'enginejering evaiuation- was to bq" performed 
on the Optacon. this was "to consist of a statisticar study of data 
colleqttid ou the life test performed on four sanvpl^p^^ and of experimental 
data collected from tliu . sducatidn- evaluation rontractpr (AIR) jpierformed qn 
torty-six samples. TJje Laboratory life tests of the Optacon (see Section 
7-Life Tests) did not r?r6v«ide' sufficient information to form a realistic 

rt _ . _ - 

Htatis.t-ical data base;'^^d-, theref ore nol" conclusions can be drawn fpi:,. 
the laboratory MTBF. *\lowevCT, adequate ^ield data was accumulated, from 
the experiment iWs suppli^e^ by the educatijp.n,„evaluation contractor. 

• In the usual re^ljabilifey tests, there is a large number of initial 
failures due Vo defective parts and workmanship. This evaluation, however, 
. Ls^baised upon the knowledge tha\|: sufficient burn inj^time has been performed 
/at thi TSl factory so fhat the infant mortality rate hais decreased to the * 
point whe^e the .unit exhibits a cOjistant failure rate A^hjle in use undet 
testing. This sttitistical evaluation assumes that the units possess 
identical characteristics and tha.t they were operated un3ei; identical ' 
circumstances. . ' ^' • . 

8.2 RESULTS ^ ■ \ ' 
The Optacon field logs sup^lie^ each unity's total operating time. < 

for each repoorting period. Table 8-1 shows t^e total operating time (iti 
minutes) and total number of failures for each Optacon unit occuring during 
the ^oject. An Estimation of 'MTBF can be arrived at by dividirfg the 
cumulative operating time of all the Ojitacons by the cumulative number . 

. . A .. 
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f ailures, as shown: 
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. Table.8-1. Total Operating Time (In Hours) 
And. Total Number of Failures for Each Optacon. Unit 
During This Project 



.R- 


T 


~ F 

; 


12 




0 


13 


1770 


I 


Ak 


' '60 


0 


15 


5685 


. 3 


16 


38i»0 


I 


17 


0 


0 


1.8 


1565 


I 


19 


^♦350 


I 


20> 


2240 


2 


21 


3375 


2 


22 


,2370 


2 


23 


955 


0 




5210 


, 0 


25 


^000 


2 


„ 26 




1 


27 


3260 




28 


^♦875 


. 2 


23 


2525 


0 


30 


2-300 


0 


31 


1910 


0 


32 


3030 


0 


33 


2370 • 


0 


3'» 


6350 


0 


35 


3U0 


> 


36 


3255 


2 


37 


6220 


3 


1»0 


0 


I 


k\ 


250Q 


2 


kl 


2390 


„-o 


^♦3 


2235 


I 




5430 


0 




-i»2I0 


k 



R- 


T 


46 


3665 


47 


1580 . 


48 


1760 


-49 


2050 


50 


4455 


'51. 


3480 


52 


3755 


53 


4765 


54 


4255 


55 


555 


f6 ' 


4950 


57 


' 540 


58 


" 1850 



I 

- I 

2 
2 

^2 

I 

0 
I 
I 
I 
I 

2 
2 



= 135345 min 55 
= .2255.75 hours 
Cumulative (lumber of Failures = 55 



Cumulative Operating Time 
II It II 



T = Operating Time (in min) During Project 
F = Total Number of Failures "' 
R = AIR Serial Nujnbers 
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Optacon MTBF = Total Hours/Total Failures 

= 2255.75/55 ' ' . 

t 

Optacon Qpernting MTBE = 41 hours of Operating between failures 

. Similar calculations can be made* for the visual display and the 
tracking aid* Table gives tlW total amount of minutes each visual^ 
aisplny was in operation and the total number of failures occurin&. Table 
shows the same informaTWn as applied to the tracking aids under test. 
Their estimated MTBF are shown below; 

Visual Display Operating MTBF « 376 hrs* 
$ , Tracking Aid Operating MTBF = ISS'hrs. . ' 

Verification of the estimated operating MTBF was made using standard 
iiliability mathematical techniques. The field data is described as. 
resulting from a time-truncated test . The test assumed immediate replacer 
ment of failed units with the^ same constant failure rate. A 90% confi- . 
denee interval can be determined for the MTBF for each of the units 
involved. A sample calculatibn^for the Optacon units follows belpw: 

2T • < 1- /y. confidence interval 

~'T . ' 'IT ' 

^ . ^ ■ 

wtiere cuts off a right-hand tail of arep.^/2 under the chi-square 

distributidVi with 2K+2 degrees of freedom, while X3 cuts off a left-hand 

tail of area /2 with 2k degrees of freedom. 

T = 2255.75, K^**5, 0.90 confidence interval 

2 (2255.75) </i 2 (2255.75) . 
137.701 86.792 

Therefore, Optacon Operation MTBF falls within the following range: 
33 hr <MTBF< ^52 hr* ^ A - ) 

The* above MTBF calculations reflect actual operation time. A (m(ire 
applicable) reliability figure can be drawn from the actual (calendar) 
time between failut^s. thi^ figure takes into account not only the period^ 
in which the Optaconk were operating, but also accounts for storage. 
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-■J 

iff 



Tab'le 8-2. Totjal Operating Time (In Houi^) .And Total 
■riyrober Q!^ Fai.hmes For Each Visual Display Unit During This Project 



3 

. k 

7 
8 
9 
10 
11 
12 

13 
1^ 

15 

4l6 



1065 
7i»25 
\ A765 
" I i»130 
5095 
- 1 850 
6935, 
3535 
71^5 
055 
865 
5900 
i»085 
3775 
^080 

67705 



0 
1 

_0. 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 



Cumulative Operatj-efg Time = , 1128. A3 Hours 
Cumulative Niimber of Failures = 3 
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Table 8-3. Total Operating^T^me (In Hours) And.. 
Total Number of -Failures for EaStrvJracking Aid UniJ 
During T!iis Project 



2 
3 
it 

6 • 
-7 
8 

5 
10 
1 1 
12 
13 
lij 
15 
16 
17 



3815 
1870 
6650 
25^0 
' 1850 
10i*5 
31^0 

555 
2i*30 
1760 
1 170 
1260 
3095 
670 
505 
3790 
1070 

37215 



620.25 H 






0 
0 
2 
.0 
.0 
0 
0 
0 
0 
0 
0 
0 

1 
1 

0 

'0 
. 0 
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handlinr, repair time, and shelf lif^. .This ^figure is^ more realistic 
because it accounts -Cor the damaging aspects of storage and handling. 
Since the field test >eriod was approximately 178 days (until 27 June) 
the accumulated operating, time for the 46 Optacons was 8,010 .days . Thq 
estimated OTBF is^ thcref'^rc^ ^ 



(Jptacon calendar riTBF 



Total D;iys/Total Failures 
- ^ 8,010/t5 
' = 146 days between/ 

, Similar calculations for the Visual Displays and the Tracking Aids 
are as follows: 

' Visual Displciy Calendar MTBF 890 |ays 

Tracking Aid^/G^J^iTj^ = 756 days 

Again a 90% confidence interval Gj^tn be established for the 14TBF of tfie 
units, as defined above. The calendar MTBF for the Optacon is bounded 
by the interval calculated below. 



2 (8010) 
137.701 



116 days < 



2 (8010) 
86.792 

185 days 



/ A further breakdown of the MTBF for the Optacon can be illustrated^ 
by examining the calendar MTBF for in/ividual important sections of tjie 
Optacon itself. Results tabulated below. were calculated with the same 
Lcchniqiyt? as that used for determining tlie calendar MTBF for the whole 
Optacon^nit. . 



Array MTBF 

Battery MTBF 

.Power Timing Board MTBF 



8010/13 failures = 616 days between 
8010/A .= 2002 days ^'^^1""^ 
8010/ & '= 1001 days ^ 



Comparator/Output Board MTBF = 8010/4" = 2002 days 



Camera MTBF 
;harger\ MTBF 



8010/11 = 728 days 
8010/8 = 1001 days 
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8.3 SUMMARY OF RECOMMENDATIONS ; 

- Results generated by this reliability study are questionable at 
best. Although sound engineering principles were employed to develop a . 
usable model,. the results are inconsistent and suggest that undefined 
factors were not taken into account.- For instance , the laboratory life 
tests proved that the Optacon withstood extended use extremely well while 
the field results indicated that with the addition of real life handling,, 
repairs were necessitated quite frequently. This, suggests that the 
equipment does not have sufficient safeguards against handling* arijj envirpn 
mental parametes, Hpw^ever, our mechanical evaluation subjelpted the 
Optacon to simulated ^handling and environmental extremes designed tO' 



LOnale 

and probable 



uncover specific faults. No faults^were apparent. The rat 
for conclusions is limited to conjecture. The most logical' 
explanation is that the equipment 'was used mqch more often in the field 
than was reported. It seems quite possible that the equipment use was not 
lim^ited to the classroom. Oversights in reporting extra iise could 
account for the discrepencies noted. Based upon our oonttolled la^ 
results, we are" inclined to conclude that the reliability of the Optacon 
is good to excellent. Much, more field data is needed for verification 
of this conclusion. . f ^ i 
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9. FIELD TRIPS 



5.1 bBJECTIV,ES ' , . 

riRL personnel visited each school site three^ijnes. The objective 
was Lo ascertain that all equipment was in perfect operating order before 
thr'program began, that midway through thc^ prograrti^all equipment was still 
operating properly and that at the end of the atogram, all equipment had 
continued to operate properly. In addition^ FIRL personnel interviewed ^ 
adiidnlstrators, teathers and student^ to gain insights into user problems. 
' Tljose results are reported in Section^ 2 of this documejat.^ Sites visited 

0 

were: \ 

Logan School, Philadelphia , Pennsylvania " ^ 
Overbrook Sclioal f or„ fehe Blind, Philadelphia, Pennsylvania 
Berkeley Unified School District, Berkeley, California 
Campbell Union High School District, Campbell, California. 
Campbell Union Elementary School District, Campbiell, California / 
"Salem Public Schools, Salem, Oregon 
Azus4 Unified School Disti;ict , ^ Azusa , California 
\ Visalia Unified School District, Visalia, California 
San Diego City Schools, San Diego, California 

Chula Vista City School District, Chula Vista, California > 
Houston Independent School District, Houston, Texas* 
Cincinnati Public Schools, Cincinnati, Ohio 
^ Florida School £or the Deaf and Bliud, St'. Augustine, Florida 
Perkins Schopl for the Blind, Watertown, Massachusetts 

The field trips eaabled FIRL personnjj^l to identify real problems, 
observe classroom usage, advise teachers and students as needed, avoid, 
potential problems, alert TSI as to service requirements and to supply 
background information for all FIRL task forces. Sites visited offered 
a variety of economic and classrqpm structure settings. ' 

9 "2 RECOMME^^DATIONS ^ . 

Recommendations based upon information gathered djaring the field 
trips are interspersed among the appropriate sections <J)£ this report. 
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10. . CONCLUSIONS 

Potential users, virtually unanitnqjasly , reported that the Optacoh 
would be very usefui^in their daily lives. Engineering studies have 
proven tjt(i\t rtie dfe^ran is'* basically sound and indications suggest t;hat 
iT^^^a reli^>l^^^l^stem a^linough/^^ther data is needed to render this 
a firm conclusion 

/ ' \ ■ c , ^ 

^A host t)f mii>6r improvements are ^recommemled by this report which 
•woMid optimi'^e user convenience, and fninimize cost in its present con- . 
figuration. However, basic flaws not .easily correctable include the 
"fact t^iat the C^tacon requires two hands for operation, it requires 
mot^ivated subjects with fairly sizeable resources available and unim- 
paired tactile senses, and it has an inherent notse problem. These b^sic 
flaws suggest that further research should becalmed at developing a one 
hand ^Optacon with an alternate form ot information transfer such as air 
puffs or electr>cal stimulation. \ . 

These improvement^ will requixe advances in the state-of-the-art ^ 
and cannot "be expected' 'to b^ available in the near future. Consequently, 
^ the -p/resent Optacon should bfe optimized in conformance witii the recom- 
mendations of this report and concurrently, basj-c research should be 
undertakei^i to produce, a one hand^ ijSiit with either an alternate form of 
information transfer or at least a reduction in noise level by reducing 
the amplitude and/or frequency of the bimorph stimulator. 
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